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Abstract
This study is an examination of geographic variation and evolutionary history of
Stelgidopteryx swallows.  These swallows comprise two recognized species:  Northern
Rough-winged Swallow (S. serripennis) and  Southern Rough-winged Swallow (S.
ruficollis).  A third species, Yucatan Rough-winged Swallow (S. ridgwayi)is  also
commonly recognized.  The species are largely allopatric, except for a contact zone in
Costa Rica.  Using plumage and molecular variation, I examined the likelihood of two (or
three) different species of rough-winged swallows, the genetic interrelationships among
taxa, and their biogeographic history.
Geographic plumage variation reveals a latitudinal cline across the genus from
North to South America.  Specimens from throughout the range of Stelgidopteryx show
that most published subspecies should be synonymized as clinal variants.
Molecular data (mitochondrial cytochrome-b sequences, microsatellite allele
frequencies) show a pattern consistent with a species-level division between S.
serripennis and S. ruficollis .  The data also suggest that the Yucatan swallow is distinct.
Phylogenetic trees from the sequence data divide Stelgidopteryx into northern and
southern clades consistent with S. serripennis and S. ruficollis.  The Yucatan clade, S.
ridgwayi, is sister to the northern group. Microsatellite data indicate allelic frequency
differences between the groups, but none fixed.
Population genetic analyses among individuals within S. serripennis and S.
ruficollis reveal genetic structure possibly worthy of taxonomic recognition. Measures of
the population parameter theta indicate high allelic diversity in each group and suggest
S. ruficollis is the younger population.  The Northern Rough-winged Swallow exhibits
broad clinal variation, but little subspecific subdivision.  The Yucatan Rough-winged
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Swallow, is phenotypically and genetically dissimilar to the other groups, further
supporting species-status.  The Southern Rough-winged Swallow contains at least two
subspecies, including decolor on the Pacific slope of Central America, and ruficollis
throughout the rest of its range.
The widespread distribution and contact zone in Costa Rica are consistent with
secondary contact between the northern and southern swallows.  The emergence of the
Panamanian landbridge could have contributed to the formation of the contact zone.
Pleistocene climatic shifts could also have played a role in isolating birds on opposite
slopes of Central America allowing divergence between S. r. uropygialis and S. r. decolor.
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Introduct ion
Speciation is a slow process relative to the lifespan of human observers.  Except
in rare cases, the process cannot be directly documented and must be inferred from
historical evidence.  Modern distributions of organisms and the traits of the organisms
themselves are signatures of past evolutionary processes, and the main clues for
studying these processes.  As divergence among groups increases, to detect the forces that
created them becomes more difficult.  Therefore, to understand speciation, examination
recently diverged species or populations provides our best opportunity.  Ideal groups for
an in situ examination of speciation would consist of phenotypically similar taxa that
have developed reproductive mating isolation and are largely allopatric, but in some
localities hybridize (Hewitt 1988, Barton and Hewitt 1989, Harrison 1993).
The rough-winged swallows (Stelgidopteryx) fit this profile and are the focus of
this study.  They are widespread in tropical and temperate areas of the Americas (figure
1.1). Indeed, along with Purple Martins (Progne) and tree swallows (Tachycineta),
they are the only New World endemic swallows with such a broad distribution. The
Northern Rough-winged Swallow (Stelgidopteryx serripennis) occupies most of North
America south to Costa Rica, where it meets the Southern Rough-winged Swallow (S.
ruficollis), which occurs throughout the tropical and temperate South America. The only
area where Northern and Southern Rough-winged Swallows come in contact is a narrow
zone in Costa Rica (figure 1.2). A third form, the Yucatan Rough-winged Swallow (S. s.
ridgwayi), is found on the Yucatan Peninsula of Mexico and is sometimes considered a
separate species.  All rough-winged swallows have the same shape, general behavior, and
plumage color patterns.  They differ only in relative color intensity, the northern birds
being drab and the southern ones being brighter, and also in elevational preference
within the Costa Rican contact zone, southern birds occurring lower than northern
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Figure 1.1: General range map for Stelgidopteryx
Figure 1.2:  Map of Stelgidopteryx breeding distributions in Costa Rica
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 birds.  In the Costa Rican contact zone, birds display assortative mating, with few
reports of mixed nests and no evidence of viable offspring (Stiles 1981).
The contact zone between the Northern and Southern Rough-winged Swallows
presents a taxonomic and interpretive challenge.  Although the overall phenotypes are
distinguishable, introgression of plumage traits is evident on both sides of the zone.
Historically, the introgression was viewed as a steep cline (Griscom 1929, Ridgwayi
1904, Stiles 1981).  Indeed there is a north/south cline in plumage color across the
entire genus, which simply appears more extreme in Central America than within either
of the major continental regions.  However, the genus was split into two species in Costa
Rica by Stiles (1981), and this was recognized by the AOU (1983) and all subsequent
classifications.  Using behavior and ecology to arrive at his conclusions, Stiles found not
only that the birds have separate habitat preferences in Costa Rica but that they also
mate assortatively.  If this is the case, why do traits show some introgression?
Hybridization has historically been the assumed, but untested, cause of rough-winged
swallow introgression.  Despite extensive observations of rough-winged swallows during
their breeding periods, Stiles (1981) found no conclusive evidence for hybridization.
To evaluate speciation in rough-wing swallows, it is necessary to adopt a
consistent definition of species.  Three definitions of species are currently popular (de
Queiroz 1998): the Phylogenetic Species Concept (PSC; Cracraft 1987, McKitrick and
Zink 1988), the Biological Species Concept (BSC; Mayr 1963), and the Evolutionary
Species Concept (ESC; Simpson 1951, Wiley 1978).  Under the BSC, the criterion for
separating species is reproductive isolation.  Limited hybridization between species is
acceptable if mating is assortative  (Mayr and Ashlock 1969).  The PSC separates
species based on any diagnosable difference that can be shown or assumed to be heritable
within a monophyletic group (Cracraft 1983, McKitrick and Zink 1988). The ESC is a
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lineage-based species concept emphasizing an ancestor-descendent procession.   It uses
the somewhat vague definition of a species as any lineage on its own evolutionary
trajectory, divergent from other such lineages (Wiley 1978, de Queiroz 1998).
The BSC is the most useful and practical of the three, as it incorporates
variation, reproductive isolation, and hybridization.   For the rough-winged swallows
the northern and southern groups appear to be reproductively isolated, even though
there seems to be leakage of genes as indicated by the appearance of spotting on the
undertail coverts in some individuals of both species.
Over most of the geographic range of Stelgidopteryx, phenotypic variation is
clinal and gradual.  In the contact zone, the change is more abrupt.  This is likely the
result of two populations dispersing towards one another and not being able to displace
each other when they come into contact.  This scenario is a possible consequence of a
reversible vicariant event.  A continuous Pleistocene population of rough-winged
swallows could have been separated by climatic change, causing it to split and withdraw
into refugia (Haffer 1969), subsequently to come in to contact.  Alternatively, North
and South American populations may have been separated since the Pliocene and come
together via the connection of an archipelago into the Isthmus of Panama (Coates and
Obando 1996, Duque-Caro 1990).
The Pleistocene model revolves around periodic climate change, one extreme leaving an
area uninhabitable, and the other allowing re-invasion into suitable habitat.  In this
case, one large population of swallows would have occupied Central America until the last
glacial period of the Pleistocene (22,000 years ago) covered the highest peaks of the
Cordillera Talamanca mountain range (Haffer 1970) and displaced them (Haffer 1967,
figure 1.3).  When the glaciers retreated 10 –15,000 years ago, swallow populations
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Figure 1.3: The Cordillera Talamanca (in white) in Costa Rica.  Adapted from
Krishnaswamy et. al. 2001.
that have diverged to some degree would have been free to disperse into their former
range and come into secondary contact.
The Pliocene island model is based on older and more gradual geologic events.
From 5-3 million years ago, the Panama landbridge emerged slowly, from seaway to
archipelago and finally to continuous dry land (Duque-Caro 1990).  This model requires
that North and South American populations be established prior to five million years ago.
One possible explanation for split populations is that vagrant swallows from North
America established themselves in South America.  Such a scenario is known in other
species of swallows (e.g. Martinez 1983).  As the landbridge formed, the two
populations expanded into the new habitat, eventually coming into secondary contact in
Costa Rica.
6
 To understand the historical forces that shaped the modern distribution and
geographic variation of the rough-wings requires the comparison of multiple lines of
evidence.  For molecular markers, I have used DNA sequence variation in the
mitochondrial cytochrome-b gene, nuclear microsatellite allele variation, and allozyme
variation.  Cytochrome-b sequences and allozymes have been shown to be useful in
evaluation relationships among congeneric birds (Avise 1994, Moore and DeFilippis
1997), and microsatellites have wide application in detecting gene flow and variation
within and among closely related populations (MacDonald and Potts 1997).  For a
morphological marker I have used plumage color variation assessed quantitatively via
spectral reflectance, as measured by a colorimeter (Colortron, San Raphael, CA, Light
Source 1996).  The mitochondrial cytochrome-b gene and nuclear allozymes are
potentially subject to physiological selective pressures, whereas nuclear
microsatellites presumably are less susceptible to them and are more likely to change
by random forces.  Thus, these traits complement one another, yielding evidence of
historical patterns while being unlinked and guided by different selective or random
forces.
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Taxonomy and Clinal Plumage Variation in the Rough-winged Swallows
(Stelgidopteryx)
Introduction
For much of their taxonomic history, the rough-winged swallows have variously
been treated as a single widespread species with numerous subspecies or as several
several species in one genus. Ridgway (1904) ranked four taxa at the species level
(serripennis, salvini, ridgwayi, and ruficollis).   Griscom (1929), however, suggested
lumping all rough-wings into a single species in the monotypic genus Stelgidopteryx,
after noticing that the extremes of plumage variation were separated by only gradual
changes over a broad geographic area.  Specifically, rough-winged swallows are brightly
colored in South America and pale in North America.  He also observed a lack of
consistency in characters, especially the spotting on undertail coverts in named taxa.
Subsequent authors followed Griscom’s suggestion of monotypy until Stiles
(1981) provided evidence for recognition of two species (serripennis and ruficollis).
Stiles (1981) found assortative mating in a contact zone between the Northern Rough-
winged Swallow (S. serripennis) and the Southern Rough-winged Swallow (S. ruficollis) in
Costa Rica.  The Northern Rough-winged Swallow is mostly North American;  its breeding
range extends from southern Alaska and Canada throughout the continental United
States and southward through Mexico and Central America to Costa Rica.  The Southern
Rough-winged Swallow breeds from  Argentina northward, throughout eastern and
northern South America, to Costa Rica, where it meets S. serripennis.  These two species
can be readily distinguished in the field when they occur together.  Additionally, Phillips
(1986) suggested re-recognition ridgwayi of the Yucatan peninsula as a separate
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species from S. serripennis , based on purported mating isolation and unique plumage
traits.  This was followed by Sibley & Ahlquist (1990) and Howell & Webb (1995), but
the evidence for species rank was considered insufficient by the AOU (1998), as well as
Turner & Rose (1989) and Dickinson (2003).
Rough-winged swallows occupy the American temperate zones and tropics.
Across this range, Stelgidopteryx plumage varies gradually in color with latitude; pale
birds predominate in the north and darker, more boldly colored forms predominate in the
south.  Although the clinal trend across their entire range is well known, subspecies
designations have nevertheless been applied to slight color variants without consistent
phenotypic and geographic distinction of the groups (Bangs 1901, Bangs and Penard
1918, Griscom 1929, Oberholser 1932, Zimmer 1955, Haverschmidt 1982, Ridgely and
Tudor 1989, Turner and Rose 1989).   In keeping with taxonomic conventions of the
time in which they worked, several authors even applied names to birds they considered
intermediates, and the names remain in use (table 2.1).
Relationships in Stelgidopteryx are further obscured by the influence of Gloger’s
Rule (Gloger 1833) on plumage.  Populations in areas of high annual precipitation are
darker in plumage than those in more arid habitats (Brodkorb 1942, Stiles 1981, DeJong
1996).  At least two subspecies, S. serripennis stuarti  (Veracruz and Tabasco Mexico
and Alta Verapaz Guatemala) and S. s. burleighi (southern Yucatan, Peten Guatemala,
Belize) are potentially ecologic variants following Gloger’s rule.
I have examined plumage variation over the entire distribution of rough-winged
swallows and here suggest a revised taxonomy that accords taxon rank to populations
that are diagnosable by phenotypic characters. These taxa also show concurrent genetic
differentiation, which is not always detectible (Zink et. al. 1985).
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Table 2.1: Subspecies names and their supposed characters in Stelgidopteryx. Asterisks indicate taxonomy in use.
Subspecies   chin belly undertailcoverts rump back crown
*serripennis Audubon1838 pale medium medium medium
-North America, winters S Mex. to CR  cinnamon  pale rare spot brown  brown  brown 
aphractus Oberholser1932, synonym of serripennis Brodkorb 1942
-W North America pale medium medium medium
-slightly larger than serripennis  cinnamon pale rare spot brown brown brown
*psammochrous Griscom 1929, not recognized by Hellmayr 1935
-southwestern US, through Sonora, Chihuahua Tamaulipas to Oaxaca tinged light light light
-intergrades with fulvipennis, dry habitat   cinnamon pale cream brown brown brown
*fulvipennis  Sclater 1859
-Southern Mexico to Costa Rica tinged variable medium medium medium
-intergrades with psammochrous and uropygialis   cinnamon pale spot brown brown brown
salvini Ridgway 1903, synonym of fulvipennis Oberholser 1932 pale medium medium medium
-highlands, Veracruz Mexico to Costa Rica   cinnamon pale cream brown brown brown
*ridgwayi Nelson 1901
-Yucatan Peninsula pale pale spot dark dark dark
-pale loral spots   cinnamon brown brown brown
*stuarti Brodkorb 1942
-Veracruz and, Tabasco Mexico to Alta Verapaz Guatemala tinged pale spot dark dark dark
-pale loral spots, humid habitat, darker than ridgwayi   cinnamon brown brown brown
burleighi Phillips 1986
-Southern Yucatan Peninsula, Petén Guatemala, Belize not not not dark dark dark
-wet habitat, darker than stuarti addressed addressed addressed brown brown brown
*uropygialis Lawrence 1863
-Caribbean slope  Central America, South America West of Andes variable medium dark
-allopatric with decolor cinnamon yellow spot pale brown brown
*decolor Griscom 1929 lighter
-lowlands Pacific slope of Panama and Costa Rica pale usually than light medium
-alopatric with uropygialis cinnamon paleyellow spotted back brown brown
*aequalis Bangs 1901
-Caribbean Colombia, Eastern slope of Eastern Andes to Bolivia and Brazil pale medium dark
-broad intergradation with ruficollis cinnamon yellow spot pale brown brown
*ruficollis Viellot 1817
-Southeastern Colombia, Ecuador, Peru , Brazil S of Amazon to Argentina pale medium medium dark
-broad intergradation with aequalis cinnamon yellow spot brown brown brown
cacabataBangs&Penard 1918, synonym ofruficollis Haverschmidt  1982 not not dark dark dark
-eastern Venezuela, Guianas addressed yellow addressed brown brown brown
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Taxonomic Review
Vieillot (1817) first described a rough-winged swallow from Brazil, calling it the
Hirondelle a Gorge Rousse, the Red-throated Swallow, and placing it in Hirundo.  Audubon
collected the first North American specimens in 1819 in Louisiana, but mistook them for
Bank Swallows (Riparia riparia).  He later described the swallow as a new species after
collecting additional specimens in South Carolina (Audubon 1839), apparently unaware
of the Vieillot description.   Baird (1858) described Stelgidopteryx as a subgenus for all
rough-winged swallows .  Subsequently most authors (Bangs 1901, Bangs and Peters
1927, Griscom 1929, Oberholser 1932, van Rossem 1934, Hellmayr 1935, Brodkorb
1942, Dingle 1942, Peters 1960, Skutch 1960, Haverschmidt 1981, but see Sharpe
1901) considered all rough-winged swallows to form a single species Stelgidopteryx
ruficollis.  Then, Stiles (1981) showed that two biological species were involved, the
Northern Rough-winged Swallow (S. serripennis) and Southern Rough-winged Swallow (S.
ruficollis).  Recognition of these two as separate species has been followed by all
subsequent authors, e.g., AOU (1983, 1998,) Ridgely & Tudor (1989), Sibley & Monroe
(1990), Dickinson (2003).
Within the rough-winged swallow complex, thirteen subspecies have been
described (table 2.1).   Vieillot’s (1817) ruficollis is resident in southeastern Colombia,
Ecuador and Peru, Brazil south of the Amazon River, Bolivia, Paraguay and northern
Argentina.  It is a brown bird with a yellow belly, rufous chin and a dark spot on its pale
undertail coverts.  The population occupying eastern South America from the Guianas to
northern Colombia south to Ecuador was named aequalis by Bangs (1901).   He noted
broad plumage color intergradation between it and ruficollis.  In the same paper, he
observed that trait introgression was typical of variation in Stelgidopteryx and was most
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easily dealt with by applying trinomials to each known variant (and disregarding clinal
variation).   The differences between ruficollis and aequalis are, by Bangs’ own
description, not discreet, and no definitive plumage traits can be used to identify
individuals.  Therefore, these “aequalis” should not be given any taxonomic rank by
current standards.  Bangs and Penard (1918) described an additional subspecies
(cacabata) from the Guianas that was later submerged by Haverschmidt (1982), who
determined the birds to be austral migrants and not diagnosable as a separate taxon.
The subspecies uropygialis (Lawrence 1863) and decolor  (Griscom 1929) are
allopatric and occur on opposite slopes of southern Central America.  Restricted to the
Pacific Slope of Costa Rica and Panama, decolor is washed out in color and brown with
pale yellow underparts, pale cinnamon chin and a rump lighter than the back.  On the
Atlantic slope, from Nicaragua to Panama and northwestern South America, uropygialis
is medium brown with bright cinnamon on the chin, pale rump and a yellow belly, similar
to ruficollis.   Although not evident in the measured characters of chin, belly and
undertail colors, these two subspecies are readily distinguished.  In overall appearance
decolor is much paler (most notably on crown and back) with little contrast on the rump
as compared to the darker plumage and lighter rump of uropygialis.
The northernmost rough-wing, serripennis (Audubon 1838), breeds in North
America and winters in Central America.  It has pale underparts, sometimes with a dark
spot on its undertail coverts, and in winter plumage its chin is pale cinnamon. The
subspecies of the Pacific Northwest, aphractus (Oberholser 1932), was described based
on vague characteristics such as larger size and darker color than serripennis.  Brodkorb
(1942) synonymized aphractus with serripennis because the distinctions between them
were not diagnostic.
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Using an immature individual as the type specimen, Sclater (1859) described the
resident rough-wing population in southern Mexico to Costa Rica as the subspecies
fulvipennis.  Its separation from other rough-wings was based on indefinite plumage color
differences that were not even consistent within the subspecies; for example,  “the
longer undertail coverts with dusky shafts, and occasionally with dusky subterminal
markings, though often immaculate” (Griscom 1929). Such a vague description of the
subspecies makes the diagnosis of specimens somewhat subjective.  The subspecies
salvini (Ridgway 1903) of Veracruz was later discovered simply to be the breeding
population of fulvipennis, and so the two were synonymized by Bangs and Peters
(1927).
Griscom (1929) noted that the breeding population of the dry southwestern
United States was slightly paler overall than serripennis and gave it the name
psammochrous.  Brodkorb (1942) noted that psammochrous intergraded with
fulvipennis in Mexico.   He also noted that plumage variation in Stelgidopteryx was
consistent with Gloger’s Rule, namely, darker plumage in humid habitat, pale plumage in
arid habitat.
Nelson (1901) noted that the population of the Yucatan peninsula and adjacent
areas of Guatemala and southern Mexico was larger and darker than serripennis and had
grayish white spots on the lores (feathered area between the eye and the base of the
bill); he gave it the name ridgwayi.   Brodkorb (1942) described the subspecies stuarti
for the population of southern Mexico and Guatemala, noting that it was similar to
ridgwayi but darker.  Consistent with the predictions of Gloger’s Rule, the annual
precipitation in the range of stuarti is higher than in the ranges of the other northern
subspecies.  Phillips (1986) elevated ridgwayi  (with stuarti) to species rank but
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provided no actual data, only assertions that it is “decidedly darker, sootier above, than
any race of our other two species”.  He also described an additional subspecies of the
Northern Rough-winged Swallow, burleighi.  This population occurs on the southern
Yucatan peninsula and is described as the darkest form.  The ridgwayi group is
diagnosable from the rest of Stelgidopteryx by its pale loral spots and consistently
darker plumage overall.  The gradual change from light to dark coloration seen nearly
throughout North America and northern South America is sharply disrupted in Costa
Rica.  Although intergradation of undertail covert spotting, rump color occurs, the two
species are quite distinct in overall plumage color in Costa Rica.  Stiles (1981) showed
that although the southern and northern forms showed differences in elevational
preference, they were sympatric and mated assortatively, thereby requiring that they
each be given species rank under the biological species concept.
The two taxa involved in this contact zone are S. serripennis fulvipennis and S.
ruficollis uropygialis.  The former is a highland bird, breeding at 600-1800 m elevation,
whereasuropygialis breeds mainly in the lowlands of the Caribbean slope, up to 1000m in
the central highlands; there it overlaps with fulvipennis, which reaches its southern limit
in this area.  Thus, Stiles (1981) showed that the contact zone is narrow in terms of
elevation and latitude.
Rough-wings nest in holes dug by other animals in steep dirt embankments
(Skutch 1960, Lunk 1962).  Where nest sites are scarce, uropygialis and fulvipennis
nest in close proximity, and mixed pairs without eggs have been recorded.  However, no
evidence of successful interbreeding has been detected, nor have any conclusively
identified hybrids been found (Stiles 1981).
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 Two other subspecies of rough-wings occur in Costa Rica.  The migratory
northernmost subspecies S. s. serripennis winters in southern Central America but does
breed there.  The S. ruficollis subspecies decolor, which Wetmore et. al.
(1984)considered to represent a hybrid swarm, occupies the southern highlands of
Costa Rica, replacing fulvipennis and not overlapping with it (Stiles 1981).   The lack of
overlap excludes decolor from participating in the contact zone.
Methods
To quantify the phenotypic variation in the genus Stelgidopteryx, I examined
museum skin specimens from the range of each named taxon throughout the range of
the genus.  Because previous studies employed mensural data (Griscom 1929, Phillips
1986), I measured 215 specimens for wing chord, tarsus length, bill length, and tail
length.  After accounting for possible sexual dimorphism (appendix A), I found the
measured characters not to be useful in separation of groups (figure 2.1).  The three
outlying individuals are not phylogeographically significant. They do not share a locality
or any other measured feature; they represent anomalous measurements. Overlap in
factors was complete, and no groups could be distinguished based on measurements
alone.
To evaluate geographic plumage color variation in Stelgidopteryx, I measured
spectral reflectance of plumage on museum skin specimens.  Sampling included
specimens from the ranges of all the subspecies (table 2.1, appendix A).  I used a
Colortron ™ (Lightsource Inc., San Rafael, CA) colorimeter to measure specimens and
converted the raw data to the Lab color format developed by the Comission
Internationale de L’Eclairage (CIE 1976) for the analyses.
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Figure 2.1: Principal component analysis of morphological Factor 1 (mostly size) versus
Factor 2 (mostly shape), +=Northern Rough-winged Swallow, x=Southern Rough-winged
Swallow  o=Costa Rica specimens
The Lab format is a tristimulus opponent color system useful in interpreting raw
spectral data.  Lab colors are spectral data converted into a three component system
based on the sensitivity of the human eye to color differences: lightness (L), red to
greenness (a) and yellow to blueness (b).  To the human eye, a color cannot at once be
red and green or yellow and blue.
These colors, therefore, are scaled opposite each other with a positive “b” score
indicating degree of yellowness a negative “b” blueness, a positive “a” value redness and
a negative “a” greenness.  The lightness component indicates the color’s ability to
reflect incident light on a scale of 0, black, to 100, white (figure 2.2).  I used the
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recommended “cool white fluorescent” illumination setting on the Colortron™ as the
incident light, and I used ColorShop 2.1 (Lightsource Computer Images Inc. 1996)
software to convert the raw measurements (Appendices B, C, & D) into the Lab format
(Appendices E, F, & G).
Figure 2.2: The Lab opponent color system axes
Plumage color in Stelgidopteryx varies mostly in three body areas: belly, chin and
undertail coverts (figure 2.3).   Crown and back color, diagnostic for the subspecies
decolor , were not included because they are diagnosable by eye on museum specimens.
The belly color varies from yellow to cream, the chin buff to russet, and the undertail
coverts can be immaculate or have a dark central to subterminal spot of variable
definition.  I measured these three characters on museum skin specimens from
throughout the geographic range of Stelgidopteryx.  Specimens with excessive feather
loss, damage or grease saturation were excluded for the affected character.  I then
grouped the specimens according to the nearest multiple of 5° in latitude of the
individual’s collection locality.
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Figure 2.3:  Schematic of plumage areas measured by colorimeter
To quantify the relationship between latitude and plumage in Stelgidopteryx, I
used principal components analysis (PCA), regression analysis, and correlation matrices.
  The PCA reduced the dimensionality of the data and allowed the total observed
variation to be displayed in a simple bivariate scatter plot.  Regression analysis and
correlation matrices were used to test for simple linear relationships among the data.
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Results
In all three analyses (table 2.2), the first two factors accounted for at least 80%
of the variation present in the color data (table 2.3).  In both the belly and chin, the first
component is composed mostly of yellow/blue  (b) variation and in the tail it is
red/green (a) variation.  The second factor is mostly lightness (L) for the belly and chin.
Factor two for the tail is mostly yellow blue (b) variation (table 2.4).
Plots of the first two factors show clear northern and southern groups for belly
and chin plumage with Central American birds overlapping both groups (the contact
zone lies roughly at10° N latitude) (figure 2.4).   A series of two-tailed t-tests (table
2.5) show the geographic separation to be significant in all cases based on geographic
origin and Factor 1.   Central American specimens alone showed weakly significant (t-
test, p < .01) separation based on taxonomy for factor 1 in the chin plumage and
strongly significant (t-test, p < .0001) separation for belly plumage (table 2.6).
Although separation is clear between the species, no significant geographic
subdivision within species is evident.  Simple regression indicates a strong linear
component to plumage variation for belly and chin plumage, but not for undertail coverts
(figure 2.5).   The correlation matrices among latitude and the color components (table
2.7) further illustrate the latitudinal component to plumage variation.  Values close to 1
or –1 show the strongest linear relationships.  For example, the strong positive
correlation between a and b values and latitude in the chin shows that as latitudes go
south the chins become redder and more yellow.  The partial correlation matrices show
the independent linearity of each component without effect from the other components.
This linear relationship is evidence for the latitudinal cline suspected by several authors
(Bangs 1901, Griscom, 1929, Brodkorb 1942, De Jong 1996).
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Table 2.2:  Summary of Lab colorimetry measurements
Table 2.3: Proportion of variance for principal components
Table 2.4: Factor loadings for principal component analysis of plumage color
L a b
Belly Chin Tail Belly Chin Tail Belly Chin Tail
Mean 82.07 56.5 47.8 -1.46 4.44 1.65 17.07 20.14 6.88
Standard
Deviation 4.96 3.98 25.4 0.99 2.51 1.39 8.97 7.23 2.66
Minimum 55.54 43.35 19.72 -3.48 0.70 -1.86 4.55 6.17 1.04
Maximum 89.36 68.53 91.49 1.29 8.88 3.92 41.67 30.95 17.53
Range 33.82 25.18 71.77 4.77 8.18 5.78 37.12 24.78 16.49
Number 124 121 138 124 121 138 124 121 138
Belly Chin Tail
Factor 1 0.736 0.743 0.739
Factor 2 0.228 0.245 0.242
Factor 1 Factor 2
Belly Chin Tail Belly Chin Tail
L -0.001 0.000 -0.928 1.030 1.001 0.112
a -0.528 0.904 0.991 -0.104 -0.164 -0.008
b 1.164 1.012 0.001 -0.055 0.026 1.000
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Figure 2.4: Bivariate scatter plots of Factors 1 and 2
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Table 2.5: T-tests between northern (10° North Latitude and higher) and southern
Stelgidopteryx (below 10°Latitude)
Table 2.6: T-tests between Central American S. ruficollis and S. serripennis)
Table 2.7: Correlation matrices among color components and latitude for each color







 Freedom t-value p-value
Belly Factor 1 -1.63 56 -16.5 <.0001
Belly Factor 2 -0.14 56 -1.0 0.338
Chin Factor 1 -1.90 47 -25.9 <.0001
Chin Factor 2 0.28 47 1.3 0.196
Tail Factor 1 1.19 50 7.0 <.0001









Belly Factor 1 1.2 7 7.5 0.0
Belly Factor 2 0.1 7 0.3 0.8
Chin Factor 1 -1.8 3 -3.6 0.0
Chin Factor 2 0.2 3 0.7 0.5
Tail Factor 1 0.8 12 2.4 0.3
Tail Factor 2 -0.1 12 -0.2 0.8
Belly
Latitude L a b
Latitude - -0.3 0.7 -0.8
L -0.0 - -0.6 0.4
a 0.1 -0.6 - -0.8
b -0.5 -0.3 -0.7 -
Chin
Latitude L a b
Latitude - 0.3 -0.8 -0.9
L 0.1 - -0.5 -0.3
a -0.0 -0.6 - 0.9
b -0.4 0.5 0.9 -
Undertail
Coverts
Latitude L a b
Latitude - 0.6 -0.5 0.2
L 0.3 - -0.9 0.5
a 0.1 -0.9 - -0.4
b -0.1 0.4 0.2 -
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Figure 2.5: Regression plots for color components, the highest R-squared value is shown
for each character (Belly, Chin and Tail).  Vertical line represents central Costa Rica
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Discussion
Over the geographic range of Stelgidopteryx, plumage varies clinally (Griscom
1929, Stiles 1981, DeJong 1996) and according to Gloger’s Rule (Bangs 1901,
Brodkorb 1942, Stiles 1981, DeJong 1996).  Several current subspecies definitions are
based solely on slight plumage differences that are not distinct enough to be
diagnosable in series of museum specimens.  The data in this study show a strong linear
relationship between variation in plumage color and latitude. The only significant break
occurs in Costa Rica, where the two species, Stelgidopteryx serripennis and S. ruficollis,
meet (Stiles 1981).    Without further evidence to support designation of the currently
recognized subspecies, psammochrous and fulvipennis, I suggest they be synonymized
with Stelgidopteryx serripennis serripennis.  Based on the original descriptions, I was not
able to diagnosis these subspecies in hand.  None the few specimens labeled with
trinomials by other taxonomists fell outside the range of variation I observed for S. s.
serripennis for the colorimetric characters measured.
The subspecies ridgwayi and stuarti share the unique character of pale loral spots
and dark flanks.  The only difference between the two seems to be the shade of
plumage (Phillips 1986), a probable example of Gloger’s Rule.  The loral spots are
diagnostic for the Yucatan birds; however, within the small sample size of seven, I was
unable to evaluate shade of plumage as a character to distinguish these two taxa from
each other.
From Costa Rica southward, only the subspecies decolor and ruficollis seem
worthy of subspecific recognition based on the criterion of diagnosability (Patten and
Unitt 2001). In S. ruficollis, the only consistent character for separating subspecies is
rump color.  In the original description of aequalis, Bangs (1901) noted the great
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similarity between it and uropygialis and suggested they intergrade south of Panama.
Both subspecies feature a pale rump contrasting with a brown back.  Pale rumps are
found in birds as far as south as southern Brazil, well into the range of ruficollis, the
other South American subspecies. With the benefit of more specimens than were
available at the time of Bangs’ description, I agree that there is intergradation. I found
no discreet differences among the named subspecies.  I therefore suggest aequalis and
uropygialis be synonymized with ruficollis.  The original descriptions of aequalis and
uropygialis did not address continuous clinal variation, which is apparently a factor here.
The rump of uropygialis and aequalis is paler in comparison to back color than it
is in the decolor .  The Pacific slope decolor is consistently different from other S.
ruficollis.  With a light rump and overall pale appearance (Griscom 1929, Stiles 1981), it
is readily distinguished from Caribbean slope birds.
In summary, based on plumage variation, I propose two subspecies of
Stelgidopteryx serripennis be recognized based on plumage: serripennis that occupies
most of North America and extends southward to Costa Rica, and ridgwayi that occupies
the Yucatan peninsula and adjacent areas of Mexico and Guatemala.  For Stelgidopteryx
ruficollis, I propose two subspecies to be recognized: the Pacific slope decolor and the
Caribbean slope to most of northern South America ruficollis..
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Genetic Variation in Rough-winged Swallows
Introduction
The genetic relationships among Stelgidopteryx swallows have not previously
been explored, and current taxonomy relies solely on phenotypic and behavioral
characters (Stiles 1981). In this chapter, I use several molecular markers (allozyme loci,
mitochondrial cytochrome-b sequences, and nuclear microsatellite loci) to explore
patterns of variation in rough-winged swallows.  In contrast to plumage comparisons,
these molecular data are comparatively free of directional selective pressure from the
environment (James 1983).  Thus, the genetic evidence provided by these markers is
nearly an unbiased source of information on evolutionary history.
Allozymes are allelic forms of enzymes that code for the same function but vary
in their peptide sequences.  These alleles vary at a level that often proves useful for
studies involving intrafamilial relationships (Matson 1984, Johnson et. al. 1984).
Allozyme variation was visualized by staining the enzymes in tissue homogenates after
starch-gel electrophoresis (Buth 1990).
DNA sequences from the protein-coding gene cytochrome-b have been used to
reveal phylogenetic relationships in many avian studies (Moore and DeFilippis 1997 and
references therein).  In this study, cytochrome-b sequences provide a general view of
genetic variation in Stelgidopteryx.  Cytochrome-b divergence values can be compared
between rough-winged swallows and closely related or similarly distributed species to
help evaluate relative ages of the taxa. The comparison of cytochrome-b-based
phylogeny and plumage data allows further evaluation of the contact zone as either a
hybrid zone or a simple boundary between species.
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Microsatellites are independently segregating markers that can reveal variation
among individuals, populations, and close species. Because microsatellites are nuclear,
they are represented by two alleles for each locus in each individual animal.  The
distribution of these alleles can reveal fine scale heterozygosity and gene flow within and
among populations. The rough-winged swallows are a closely related group with a
possible hybrid zone where two of the species co-occur in Costa Rica.  They also have an
apparently complicated population structure in Central America, where not only the
northern and southern species, but also Caribbean and Pacific subspecies come
together.  A high-resolution technique is therefore needed to study populations and
species in this area.
The goals of this chapter are to understand the dynamic intersection of taxa in
Central America and to compare patterns of plumage and genetic variation across the
entire genus.   These comparisons will permit an evaluation of the status of named
morphological species and subspecies, and of gene flow in the contact zone.  Ultimately
the genetic comparisons will permit informed speculation on the evolutionary history of
Stelgidopteryx across its entire range.
Methods
-Sampling
Genetic samples for this study were derived from 54 Stelgidopteryx tissues
newly collected in the field or obtained from the collections of the University of Kansas
Museum of Vertebrate Zoology, United States National Museum (USNM), and Louisiana
State University Museum of Natural Science (LSUMNS)(table 3.1).   Sampling spans the
entire continental range of the genus and includes specimens from each formally
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described subspecies.  Muscle, heart and liver tissues were stored at –70°F in 1.5mL
polystyrene tubes and thawed just before use.
-Allozymes
For this project, 17 allozyme loci from 24 individuals (Appendix J) were surveyed
for variation using the general method of Murphy et. al. (1996).  Starch gels were made
from hydrolyzed potato starch and buffer heated over a flame and then allowed to cool
in the electrophoresis apparatus.  Tissue homogenates were obtained by grinding raw,
frozen muscle tissue with a plastic pestle in a 1.5mL microfuge tube over ice.  Water
was added in approximate amounts to yield a thick slurry of tissue.  A small strip of filter
paper was then dipped into the slurry as a wick and placed into a slit well on the gel.
Current was run through the gel, and the proteins migrated toward the poles according
to their charges.   When the proteins had traveled about halfway across the gel, the
current was stopped and the gel treated with one of the seventeen stains listed in table
Appendix J.  Alleles were determined by banding patterns on the gel, with each individual
being either homozygous for the common allele or heterozygous for the common allele
and an alternate allele.
-DNA
 Extraction of DNA from the sample tissues was performed using a
phenol/chloroform protocol (Hillis et. al. 1996).  To minimize nuclear DNA
contamination, mitochondrion-rich liver and muscle tissues were used (Quinn 1997,
Sorenson and Fleischer 1996).  The DNA yield was quantified with a spectrophotometer
and varied from .0335µg/µL to 6.0937µg/µL.  Stock extractions were diluted 1:100




Two sequencing methods were used to generate the data, and different PCR
reaction volumes were used according to the protocol employed.  Early in the project,
chain termination sequencing with radio-labeling (Sanger et. al.1977) was applied to
DNA generated from 50µL PCR reactions.  After the acquisition of an ABI 377
automated gel-reader, cycle sequencing with fluorescent dye labeling was used and the
protocol was switched to a 10µL reaction volume (table 3.2).  Primer pairs used for PCR
are listed in table 3.3.
Each set of PCR reactions included a negative control to detect contamination
and a size standard to identify product size.   PCR reactions showing contamination were
discarded and re-run.  To visualize DNA, each reaction product solution was
electrophoresed in a 50 mL, 2% agarose gel infused with ~.5µg/mL ethidium bromide.
To allow tracking of product migration 3µl of bromophenol blue dye was loaded with
each sample.   Once the products traveled approximately 75% of the gel’s length,
allowing the size standard bands to space out sufficiently, the gel was placed on an
ultraviolet light table, which illuminated ethidium bromide complexed with DNA.  For the
50µL reactions, DNA bands were cut out with a razor and placed into a Millipore®
Ultrafree-MC filtered (0.45µm) spin column (catalog number UFC 0HV).  The
manufacturer’s protocol was used to purify the product of all but DNA and buffer, prior
to chain- termination sequencing.  For the 10µL reactions, product not used in
electrophoresis was used directly in a cycle-sequencing reaction.
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Table 3.1:  Summary of genetic sequence sample
Specimen Number Geographic Origin Subspecies Base Pairs Museum
B23101 California serripennis 446 LSUMZ
B24571 California serripennis 446 LSUMZ
B2272 Kansas serripennis 988 KU
B18993* Louisiana serripennis 452 LSUMZ
B30839 Texas serripennis 1020 LSUMZ
B27213 Yucatan ridgwayi 935 LSUMZ
B27214 Yucatan ridgwayi 363 LSUMZ
B27252 † Costa Rica serripennis 599 LSUMZ
B27253 † Costa Rica serripennis 991 LSUMZ
B27254 † Costa Rica serripennis 995 LSUMZ
B27255 † Costa Rica serripennis 997 LSUMZ
B27256 † Costa Rica serripennis 990 LSUMZ
B27259 † Costa Rica decolor 987 LSUMZ
B27285 † Costa Rica ruficollis 224 LSUMZ
B27286 † Costa Rica ruficollis 930 LSUMZ
B27288 † Costa Rica serripennis 669 LSUMZ
B27289 † Costa Rica serripennis 951 LSUMZ
B27290 † Costa Rica ruficollis 955 LSUMZ
B27291 † Costa Rica serripennis 986 LSUMZ
B27308 † Costa Rica serripennis 999 LSUMZ
B27309 † Costa Rica serripennis 1012 LSUMZ
B27313 † Costa Rica serripennis 1001 LSUMZ
B26399 Panama decolor 1003 LSUMZ
B26400 Panama decolor 606 LSUMZ
B336 Panama ruficollis 549 USNM
B1970 Panama ruficollis 924 USNM
B2010 Panama ruficollis 991 USNM
B2011 Panama ruficollis 314 USNM
B2012 Panama ruficollis 945 USNM
B2014 Panama ruficollis 314 USNM
B29945 Ecuador ruficollis 1016 LSUMZ
B102016 Ecuador ruficollis 1003 LSUMZ
B4984 Peru ruficollis 280 LSUMZ
B5017 Peru ruficollis 280 LSUMZ
B5018 Peru ruficollis 280 LSUMZ
B7290 Peru ruficollis 400 LSUMZ
B7291 Peru ruficollis 1002 LSUMZ
B10630 Peru ruficollis 1013 LSUMZ
B10855 Peru ruficollis 317 LSUMZ
B10859 Peru ruficollis 412 LSUMZ
B10862 Peru ruficollis 319 LSUMZ
B27347 Peru ruficollis 359 LSUMZ
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Table 3.1 continued
B27351 Peru ruficollis 1013 LSUMZ
B32911 Peru † ruficollis 1105 LSUMZ
B32912 Peru † ruficollis 1002 LSUMZ
B1118 Bolivia ruficollis 251 LSUMZ
B1130 Bolivia ruficollis 263 LSUMZ
B9689 Bolivia ruficollis 985 LSUMZ
B12813 Bolivia ruficollis 396 LSUMZ
B12979 Bolivia ruficollis 991 LSUMZ
B12984 Bolivia ruficollis 326 LSUMZ
B15186 Bolivia ruficollis 954 LSUMZ
B37975 Bolivia ruficollis 766 LSUMZ
B35429 Brazil ruficollis 1020 LSUMZ
LSUMZ = Louisiana State University Museum of Natural Science
KU = Museum of Zoology, University of Kansas
USNM = National Museum of Natural History
*Sheldon et al. 1999
† MJB fieldwork
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Table 3.2: PCR recipes
Reaction Components 50µL Reaction 10µL Reaction
DNA (1:100 dilution in water) 1 or 5 µL 1µL
Forward primer 2.5µL .5µL
Reverse primer 2.5 µL .5µL
Deoxynucleotide triphosphates (DNTPs) 1 µL 1µL
MgCl2 5µL 1µL
Buffer  5µL 1µL
Amplitaq Polymerase 0.25 µL .2µL
Water 28.75 or 32.75 µL 4.8µL
Total reaction mix of 50 µL 10µL
Table 3.3: Primers used to amplify regions of the cytochrome-b gene in Stelgidopteryx
Light Strand
MVZ03 5’CCATCCAACATCTCTGCTTGATGAAA3’
Johnson and Cicero 1991
L2 TRUNC 5’CCATCCAACATCTCTGCTTG3’
modified from Kocher et al. 1989
CBINTRS 5’AATCAGGCTCAAACAACCC3’
modified from Avise et. al. 1994
L6 5’CTCCCATGGGGCCAAATATC3’
modified from Helm-Bychowski and Cracraft 1993
L14841 5’CCATCCAACATCTCAGCATGAAA3’
Kocher et al. 1989
SWINTF 5’GAGGACAAATATCATTCTGAGG3’
designed for this study
Heavy Strand
H11 5’ATAGGCGAATAGAAAATATC3’
modified from Helm-Bychowski and Cracraft, 1993
CBINTSW 5’GGGTTGTTTGATCCTGTTTCG3’
modified from Avise et.al. 1994
CBINT 5’GGGTTGTTTGAGCCTGATT3’
modified from Avise et.al. 1994
H14 5’GGAGTCTTCAGTTTTTGGTTTACAAGAC3’
modified from Helm-Bychowski and Cracraft, 1993
H4A 5’AAGTGGTAAGTCTTCAGTCTTTGGTTTACAAG3’
modified from Helm-Bychowski and Cracraft, 1993
SWINTR 5’TAGCAGGGCGAAACCTA3’
designed for this study
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          Chain termination sequencing was performed with Sequenase® sequencing kit
following the manufacturer’s protocol.  Each sample was distributed into four tubes and
each sub-sample was labeled with a different S35 tagged nucleotide, guanine (G), adenine
(A), thymine (T) or cytosine (C).  Sequences were generated in both the forward and
reverse directions to provide duplicate descriptions of the DNA molecule.  After
sequencing, the samples were electrophoresed on an 8% polyacrylamide gel for 4-6
hours at 1500 to 2000 volts, to achieve an ideal gel temperature of 55°C.   Samples
were loaded into wells in the order of G, A, T, C.  After electrophoresis, the gel was
placed with x-ray sensitive film in a light-proof cassette and left to be exposed 2-7
days.  Sequences were read directly from the developed film and aligned manually to
Chicken cytochrome-b sequence (Desjardin and Morais 1990) in a text editor.   To aid
alignment, sequences from the Barn Swallow (Hirundo rustica), the Tree Swallow
(Tachycineta bicolor), and the Purple Martin (Progne subis) (Sheldon et. al. 1999) were
compared.
Sequences generated via cycle sequencing were electrophoresed on an ABI 377
automated sequencer.  As with the chain termination reactions, both forward and
reverse strands were sequenced.  After electrophoresis, alignment was performed with
the aid of Sequencher® 3.2 (Genecodes 2000) software.  An average of 728 base pairs
for each individual was sequenced.
-Microsatellites
To isolate and design primers for microsatellite loci, I used the same DNA
extractions as for the cytochrome-b sequence dataset and employed the cloning
enrichment protocol of Hamilton et. al.(1999)(figure 3.1).  Briefly, the enrichment
technique called for enzyme digestion of genomic DNA from a single representative
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individual into .2-1kb  pieces.   The DNA was ligated to known-sequence oligonucleotides
(called linkers) and hybridized with biotin-labeled oligonucleotides containing a known
repeat sequence (in this case the repeat used was CA).  Only fragments containing the
specified repeat can bind to the oligonucleotide. Iron beads coated with streptavidin
were then used to bind the biotinylated molecules.  A magnet passed over the beads
served to collect the repeat-enriched cocktail.  The DNA was then PCR- amplified and
ligated into the Xba I site of a vector plasmid and then transformed into competent
Escherichia coli cells to be cultured.  Colonies containing recombinant DNA were white,
wereas those without an insert were blue (insertion of DNA at the Xba I site splits the
gene and prevents the expression of its blue colored product).  DNA from the colonies
was collected with the tip of a toothpick, PCR -amplified  (using the linker sequences as
primers), and sequenced (Appendix I).  Primers were then designed from the upstream
and downstream flanking regions of the isolated repeat (Appendix I).  Finally, the newly
designed primers were labeled with a 5’ fluorescent HEX molecule and DNA from each
individual was amplified using the 10µL protocol.  The PCR products were run on the ABI
377 and read into GeneScan 3.1 (Perkin-Elmer Corp. 1998) for analysis.
-Phylogenetic Analysis of Cytochrome-b Sequence Data
To identify an appropriate model of evolution, I used the program Modeltest 3.06
(Posada and Crandall 1998).  Modeltest automates a series of likelihood ratio tests to
compare 64 nested models in the General Time Reversible family, in which substitution
types and rates are consolidated from all types being equal to each being calculated or
estimated.  The estimated proportion of invariant sites and the shape parameter of
gamma-distributed individual-site rate variation are also evaluated.  For each sub-model,
a likelihood ratio test is performed between the simpler model and the more parameter
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rich model.  The sub-model having the fewest parameters and producing the highest
likelihood given the data is the one used for the analyses.   Importantly, the model
chosen is not necessarily the biologically true model but the model most appropriate to
the data.  Reducing the number of parameters estimated in a ML search reduces
computation time while achieving a similar biologically significant result  to a more
parameter-rich model.  The model chosen for this analysis accounted for invariant sites
(I), andindividual site rate variation  (G), and it consolidated transitions into one rate
(TVM)(table 3.4).
Table 3.4:  Model parameters used in phylogenetic analyses.
Model = TVM+I+G
Empirical Base frequencies:
  A       0.29
  C       0.37
  G       0.12
  T       0.22
Rate matrix R (TVM = rate of tranversion mutations is variable):
  AC       0.80
  AG       2.86
  AT       0.92
  CG       0.41
  CT       2.86
  GT       1.00
Proportion of invariant sites (I) 0.394
Gamma shape parameter (G)  0.714
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Figure 3.1:  Microsatellite isolation protocol
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A Bayesian (highest probability) tree was constructed from the sequence data
using a Metropolis-coupled Markov chain Monte-Carlo algorithm in the program Mr.Bayes
2.01 (Huelsenbeck and Ronquist 2002) using the parameters suggested by ModelTest.
Four Markov Monte Carlo chains were allowed to search the tree space for 500,000
generations.  Three chains were heated, such that the posterior probability  of each tree







where i  is the chain and T is the posterior probability of the tree.  Heating allowed the
chains to explore the probability space more thoroughly by freeing them to take lower
probability steps than the cold chain (Geyer 1991).    At each generation the chains
attempted to swap probability states according to the Metropolis-Hastings-Green (MHG)
algorithm (Larget and Simon 1997).  A successful swap between the cold chain and a
heated chain allowed the cold chain to cross valleys of low tree probability more easily
than it could by itself.  The –ln Log likelihoods were compared over the 500,000
generations of trees and those found before stationarity was achieved.  Stationarity was
confirmed by allowing the analysis to run well past the initial plateau as demonstrated in
figure 3.2.   Approximately 130,000 generations were discarded as burn-in (figure 3.2).
A 50% majority rule consensus tree of the remaining trees was constructed in which the
percentage of times a clade appeared in sample trees approximated its posterior
probability (figure 3.3).
Posterior probabilities are similar in function to bootstrap values.  Both values
































































































percentage scale of 0-100%.   Higher values indicate more support for the branch;
values of lower than 50% have little support and are collapsed in this study.
Phylogenetic trees were also estimated via maximum likelihood (ML) (figure 3.4)
inference in PAUP* 4.0b10 (Swofford 2002), using  model parameters indicated by
ModelTest (table 3.4).  The Bayesian tree was the starting tree for the ML analysis.  The
ML tree had a-Ln likelihood score of 6214.00328.   The data were also converted to ML
distances using the model in Table 3.4, and the distances were bootstrapped 100 times
using neighbor-joining.   Branch swapping was performed with the nearest-neighbor
interchange algorithm and a neighbor-joining starting tree was used for each replicate.
Branches supported by less than 50% of the replicates were collapsed.
A minimally connected network (Rohlf, 1973.) was constructed (figure 3.5) using
Arlequin (Roesselli 1999) to demonstrate reticulation events should they be present.
Such a network is useful when analyzing closely related taxa that would not exhibit any
structure in a traditional bifurcating tree.
Figure3.2:Likelihood scores of trees found in 500000 generations of Markov Chain
sampling.
38
Figure 3.3:  Inferred phylogeny from Bayesian analysis of cytochrome-b sequences,
nodes are labeled with posterior probabilities.  Costa Rican S. ruficollis are subspecies
uropygialis unless noted otherwise.
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Figure 3.4 a: Inferred phylogeny from maximum likelihood analysis based on cytochrome-
b sequences, nodes are labeled with bootstrap values. Costa Rican S. ruficollis are
subspecies uropygialis unless noted otherwise.
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Figure 3.4 b:  Maximum likelihood tree with proportional branch lengths
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Figure  3.5:  Minimum spanning network of cytochrome-b haplotypes.  Southern clade individuals are shaded light grey and





The birds in this study are closely related congeners, once thought to be the
same species.  Their pairwise genetic distances are typical of those found among bird
taxa of similar taxonomic ranks (Johns and Avise 1998):  range of pairwise cytochrome-
b distance = 0.002-0.115, average of 0.049, and range of Kimura 2 parameter (K2P)
distance 0.002-0.126   and an average of 0.051 within the sample (table 3.5. A & B).
Within S. serripennis the average p distance is 0.031, and within s. ruficollis   it is 0.033,
the K2P distances are 0.032 and 0.035 respectively.  Whittingham et al. 2002 found a
mean divergence within four species of Tachycineta swallows of 0.08, and García-Moreno
et al. 2001 found an average K2P distance of 0.14 for 11 species of Hemispingus
tanagers restricted to Andean forest habitat.  While the average values are necessarily
dependent upon the sample size and composition, it is useful to note that the largest
genetic distances occur between specimens of the greatest geographical distance
(Bolivia B12979   and California B23101), and between a contact zone individual and
one from the limit of the range (Costa Rica B27309 and Bolivia B37975).    This is
contrary to the theory of reinforcement (Howard 1993) in which the greater distances
are expected among individuals in the contact zone.  Reinforcement is the phenomenon
of mating isolation traits being more pronounced in areas of sympatry between closely
related species, presumably to prevent hybrid offspring that would be less fecund.
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
1 B18993 Louisiana -
2 B23101 California 0.005 -
3 B24571 California 0.005 0.004 -
4 B27252 Costa Rica 0.026 0.033 0.037 -
5 B27253 Costa Rica 0.048 0.065 0.069 0.024 -
6 B27254 Costa Rica 0.011 0.048 0.053 0.020 0.024 -
7 B27255 Costa Rica 0.011 0.048 0.053 0.018 0.025 0.005 -
8 B27256 Costa Rica 0.055 0.072 0.077 0.027 0.012 0.026 0.021 -
9 B27288 Costa Rica 0.044 0.047 0.050 0.019 0.016 0.035 0.034 0.017 -
10 B27289 Costa Rica 0.050 0.064 0.069 0.022 0.005 0.022 0.020 0.005 0.014 -
11 B27291 Costa Rica 0.050 0.060 0.065 0.026 0.009 0.026 0.027 0.013 0.011 0.002 -
12 B27308 Costa Rica 0.050 0.065 0.069 0.022 0.007 0.020 0.020 0.007 0.013 0.002 0.008 -
13 B27309 Costa Rica 0.050 0.067 0.071 0.024 0.011 0.021 0.020 0.009 0.014 0.004 0.008 0.004 -
14 B27313 Costa Rica 0.050 0.065 0.069 0.022 0.007 0.022 0.020 0.007 0.012 0.002 0.008 0.002 0.004 -
15 B30839 Texas 0.054 0.068 0.073 0.036 0.025 0.029 0.026 0.021 0.024 0.018 0.022 0.020 0.021 0.019 -
16 B2272 Kansas 0.009 0.016 0.021 0.039 0.057 0.040 0.040 0.058 0.050 0.053 0.057 0.057 0.059 0.055 0.053 -
17 B27213 Yucatan 0.051 0.055 0.055 0.061 0.061 0.056 0.054 0.062 0.065 0.059 0.058 0.058 0.061 0.058 0.062 0.048 -
18 B27214 Yucatan 0.047 0.046 0.046 0.059 0.065 0.048 0.045 0.073 0.064 0.065 0.065 0.064 0.067 0.065 0.061 0.048 0.009 -
19 B26399 Panama 0.031 0.050 0.046 0.049 0.076 0.061 0.062 0.079 0.064 0.077 0.075 0.076 0.078 0.078 0.078 0.051 0.063 0.048 -
20 B26400 Panama 0.060 0.048 0.048 0.040 0.020 0.050 0.046 0.026 0.020 0.022 0.020 0.020 0.019 0.020 0.032 0.055 0.057 0.060 0.046 -
21 B27259 Costa Rica 0.042 0.054 0.050 0.050 0.074 0.064 0.063 0.077 0.066 0.077 0.075 0.075 0.077 0.075 0.073 0.052 0.062 0.051 0.019 0.057 -
22 B102016 Ecuador 0.064 0.067 0.062 0.063 0.081 0.075 0.074 0.080 0.074 0.080 0.078 0.077 0.079 0.077 0.079 0.062 0.063 0.066 0.028 0.056 0.014 -
23 B27285 Costa Rica 0.060 0.062 0.057 0.054 0.071 0.068 0.065 0.074 0.058 0.069 0.067 0.071 0.074 0.073 0.074 0.059 0.062 0.055 0.035 0.055 0.021 0.016 -
24 B27286 Costa Rica 0.050 0.064 0.069 0.022 0.009 0.022 0.022 0.010 0.013 0.005 0.009 0.006 0.018 0.006 0.021 0.063 0.057 0.060 0.067 0.019 0.067 0.077 0.064 - S. ruficolis
25 B27290 Costa Rica 0.048 0.065 0.069 0.027 0.008 0.020 0.018 0.007 0.017 0.006 0.010 0.005 0.003 0.006 0.017 0.051 0.061 0.070 0.074 0.018 0.074 0.079 0.073 0.009 -
26 B27347 Peru 0.056 0.062 0.062 0.056 0.069 0.054 0.052 0.075 0.070 0.069 0.069 0.069 0.072 0.070 0.066 0.055 0.055 0.053 0.044 0.067 0.030 0.015 0.014 0.064 0.075 -
27 B27351 Peru 0.068 0.071 0.067 0.066 0.084 0.079 0.079 0.086 0.076 0.084 0.079 0.084 0.085 0.086 0.088 0.068 0.066 0.064 0.031 0.057 0.019 0.010 0.015 0.085 0.085 0.012 -
28 B1118 Bolivia 0.049 0.044 0.044 0.048 0.065 0.048 0.048 0.079 0.065 0.065 0.065 0.065 0.065 0.065 0.060 0.048 0.036 0.041 0.027 0.048 0.026 0.016 0.008 0.056 0.065 0.016 0.016 -
29 B1130 Bolivia 0.051 0.046 0.046 0.054 0.071 0.053 0.053 0.082 0.072 0.071 0.071 0.071 0.071 0.072 0.076 0.046 0.055 0.065 0.050 0.072 0.040 0.015 0.027 0.071 0.071 0.011 0.023 0.029
30 B4984 Peru 0.054 0.029 0.029 0.025 0.030 0.052 0.049 0.041 0.022 0.030 0.030 0.030 0.030 0.030 0.040 0.052 0.059 0.057 0.052 0.029 0.042 0.057 0.042 0.022 0.033 0.056 0.058 0.035
31 B5017 Peru 0.054 0.029 0.029 0.025 0.030 0.052 0.049 0.041 0.022 0.030 0.030 0.030 0.030 0.030 0.040 0.052 0.059 0.057 0.052 0.029 0.042 0.057 0.042 0.022 0.033 0.056 0.058 0.035
32 B5018 Peru 0.054 0.029 0.029 0.025 0.030 0.052 0.049 0.041 0.022 0.030 0.030 0.030 0.030 0.030 0.040 0.052 0.059 0.057 0.052 0.029 0.042 0.057 0.042 0.022 0.033 0.056 0.058 0.035
33 B7290 Peru 0.071 0.029 0.029 0.029 0.052 0.069 0.063 0.058 0.026 0.045 0.048 0.053 0.055 0.055 0.060 0.065 0.073 0.051 0.067 0.051 0.042 0.048 0.047 0.026 0.055 0.050 0.048 0.034
34 B7291 Peru 0.066 0.074 0.069 0.064 0.082 0.079 0.080 0.084 0.072 0.082 0.077 0.080 0.082 0.082 0.085 0.068 0.067 0.064 0.032 0.055 0.020 0.011 0.018 0.083 0.082 0.011 0.009 0.020
35 B9689 Bolivia 0.063 0.086 0.081 0.069 0.094 0.093 0.089 0.094 0.083 0.088 0.089 0.094 0.096 0.094 0.096 0.077 0.078 0.056 0.048 0.062 0.030 0.020 0.020 0.090 0.092 0.011 0.022 0.020
36 B10630 Peru 0.066 0.080 0.074 0.065 0.086 0.083 0.077 0.081 0.075 0.083 0.083 0.081 0.084 0.080 0.087 0.069 0.068 0.055 0.042 0.059 0.021 0.012 0.017 0.092 0.082 0.010 0.017 0.022
37 B10855 Peru 0.080 0.073 0.073 0.075 0.087 0.076 0.073 0.095 0.091 0.087 0.087 0.087 0.087 0.087 0.086 0.077 0.069 0.079 0.065 0.081 0.045 0.026 0.028 0.083 0.090 0.019 0.022 0.037
38 B10859 Peru 0.073 0.057 0.057 0.059 0.080 0.078 0.073 0.083 0.072 0.081 0.081 0.080 0.082 0.083 0.097 0.079 0.073 0.059 0.070 0.085 0.039 0.022 0.034 0.070 0.083 0.019 0.024 0.014
39 B10862 Peru 0.057 0.066 0.066 0.057 0.066 0.055 0.052 0.073 0.067 0.066 0.066 0.066 0.069 0.066 0.068 0.056 0.056 0.053 0.053 0.069 0.034 0.014 0.019 0.066 0.072 0.006 0.013 0.027
40 B12813 Bolivia 0.055 0.036 0.036 0.029 0.062 0.063 0.058 0.068 0.032 0.063 0.063 0.060 0.065 0.062 0.064 0.059 0.064 0.045 0.072 0.064 0.050 0.055 0.051 0.033 0.065 0.037 0.059 0.026
41 B12979 Bolivia 0.062 0.104 0.100 0.087 0.096 0.092 0.093 0.098 0.096 0.095 0.094 0.095 0.097 0.096 0.099 0.080 0.080 0.059 0.046 0.079 0.034 0.025 0.036 0.095 0.097 0.006 0.025 0.016
42 B12984 Bolivia 0.089 0.073 0.073 0.063 0.090 0.086 0.086 0.097 0.067 0.085 0.088 0.091 0.093 0.091 0.092 0.084 0.082 0.059 0.094 0.086 0.063 0.038 0.048 0.066 0.096 0.019 0.039 0.038
43 B15186 Bolivia 0.065 0.071 0.067 0.066 0.082 0.080 0.078 0.084 0.078 0.083 0.080 0.082 0.084 0.083 0.085 0.063 0.067 0.062 0.034 0.057 0.018 0.007 0.016 0.080 0.083 0.009 0.011 0.012
44 B336 Panama 0.065 0.063 0.063 0.064 0.073 0.067 0.063 0.078 0.073 0.075 0.076 0.072 0.075 0.076 0.077 0.067 0.056 0.060 0.054 0.065 0.026 0.008 0.017 0.070 0.074 0.008 0.018 0.013
45 B1970 Panama 0.067 0.078 0.074 0.071 0.084 0.083 0.081 0.087 0.080 0.085 0.083 0.085 0.087 0.086 0.088 0.068 0.068 0.064 0.037 0.058 0.023 0.012 0.017 0.084 0.086 0.012 0.016 0.016
46 B2010 Panama 0.067 0.069 0.064 0.064 0.087 0.080 0.075 0.082 0.078 0.081 0.082 0.081 0.084 0.081 0.084 0.068 0.066 0.062 0.030 0.055 0.017 0.008 0.014 0.081 0.083 0.009 0.010 0.012
47 B2011 Panama 0.055 0.054 0.054 0.055 0.063 0.052 0.049 0.071 0.064 0.064 0.063 0.063 0.066 0.064 0.065 0.053 0.052 0.051 0.053 0.067 0.028 0.007 0.013 0.063 0.069 0.006 0.006 0.021
48 B2012 Panama 0.051 0.048 0.048 0.051 0.060 0.049 0.046 0.071 0.061 0.061 0.061 0.060 0.063 0.061 0.062 0.050 0.049 0.047 0.056 0.064 0.031 0.010 0.016 0.060 0.066 0.009 0.009 0.014
49 B2014 Panama 0.055 0.054 0.054 0.055 0.063 0.052 0.049 0.071 0.064 0.064 0.063 0.063 0.066 0.064 0.065 0.053 0.052 0.051 0.053 0.067 0.028 0.007 0.013 0.063 0.069 0.006 0.006 0.021
50 B37975 Bolivia 0.057 0.068 0.063 0.065 0.094 0.090 0.089 0.096 0.082 0.086 0.094 0.094 0.102 0.091 0.098 0.068 0.067 0.073 0.026 0.039 0.020 0.024 0.012 0.115 0.084 0.000 0.028 0.017
51 B35429 Brazil 0.062 0.071 0.066 0.064 0.087 0.078 0.073 0.082 0.074 0.084 0.084 0.081 0.082 0.083 0.082 0.064 0.067 0.059 0.033 0.060 0.015 0.007 0.013 0.085 0.083 0.006 0.014 0.012
52 B32912 Peru 0.065 0.067 0.062 0.063 0.089 0.087 0.082 0.088 0.073 0.092 0.090 0.091 0.093 0.092 0.091 0.064 0.069 0.059 0.042 0.066 0.021 0.016 0.023 0.077 0.091 0.006 0.020 0.012
53 B32911 Peru 0.063 0.069 0.065 0.063 0.089 0.086 0.082 0.086 0.073 0.088 0.087 0.091 0.095 0.092 0.092 0.062 0.067 0.059 0.041 0.059 0.018 0.015 0.017 0.101 0.087 0.006 0.024 0.012









29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
29 B1130 Bolivia -
30 B4984 Peru 0.055 -
31 B5017 Peru 0.055 0.000 -
32 B5018 Peru 0.055 0.000 0.000 -
33 B7290 Peru 0.053 0.011 0.011 0.011 -
34 B7291 Peru 0.027 0.055 0.055 0.055 0.046 -
35 B9689 Bolivia 0.011 0.054 0.054 0.054 0.046 0.021 -
36 B10630 Peru 0.000 0.055 0.055 0.055 0.044 0.015 0.016 -
37 B10855 Peru 0.017 0.055 0.055 0.055 0.054 0.022 0.000 0.000 -
38 B10859 Peru 0.013 0.061 0.061 0.061 0.054 0.019 0.020 0.022 0.023 -
39 B10862 Peru 0.006 0.060 0.060 0.060 0.050 0.010 0.011 0.010 0.009 0.019 -
40 B12813 Bolivia 0.045 0.021 0.021 0.021 0.036 0.049 0.055 0.052 0.049 0.052 0.037 -
41 B12979 Bolivia 0.023 0.058 0.058 0.058 0.049 0.023 0.029 0.029 0.025 0.016 0.007 0.051 -
42 B12984 Bolivia 0.014 0.063 0.063 0.063 0.063 0.044 0.039 0.039 0.015 0.055 0.019 0.068 0.042 -
43 B15186 Bolivia 0.019 0.055 0.055 0.055 0.046 0.008 0.012 0.009 0.019 0.019 0.010 0.054 0.018 0.039 -
44 B336 Panama 0.020 0.056 0.056 0.056 0.050 0.011 0.005 0.010 0.019 0.022 0.009 0.056 0.008 0.038 0.004 -
45 B1970 Panama 0.023 0.055 0.055 0.055 0.049 0.014 0.014 0.013 0.022 0.022 0.010 0.057 0.025 0.039 0.010 0.004 -
46 B2010 Panama 0.019 0.055 0.055 0.055 0.046 0.014 0.017 0.012 0.019 0.022 0.010 0.057 0.024 0.037 0.005 0.006 0.010 -
47 B2011 Panama 0.000 0.052 0.052 0.052 0.044 0.009 0.003 0.003 0.000 0.019 0.006 0.043 0.006 0.013 0.003 0.003 0.003 0.003 -
48 B2012 Panama 0.007 0.049 0.049 0.049 0.041 0.012 0.006 0.006 0.005 0.023 0.010 0.040 0.009 0.017 0.006 0.006 0.006 0.006 0.003 -
49 B2014 Panama 0.000 0.052 0.052 0.052 0.044 0.009 0.003 0.003 0.000 0.019 0.006 0.043 0.006 0.013 0.003 0.003 0.003 0.003 0.000 0.003 -
50 B37975 Bolivia 0.027 0.047 0.047 0.047 0.045 0.031 0.041 0.036 0.035 0.011 0.018 0.063 0.047 0.029 0.009 0.009 0.019 0.027 0.000 0.015 0.000 -
51 B35429 Brazil 0.019 0.051 0.051 0.051 0.049 0.013 0.019 0.010 0.019 0.022 0.007 0.052 0.026 0.042 0.006 0.006 0.013 0.007 0.000 0.003 0.000 0.024 -
52 B32912 Peru 0.019 0.051 0.051 0.051 0.059 0.016 0.026 0.017 0.019 0.032 0.007 0.044 0.030 0.045 0.015 0.023 0.021 0.011 0.000 0.003 0.000 0.009 0.013 -
53 B32911 Peru 0.019 0.052 0.052 0.052 0.049 0.020 0.022 0.021 0.019 0.020 0.007 0.052 0.028 0.039 0.011 0.019 0.016 0.010 0.000 0.003 0.000 0.024 0.017 0.007 -




B. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
1 B18993 Louisiana -
2 B23101 California 0.005 -
3 B24571 California 0.005 0.004 -
4 B27252 Costa Rica 0.027 0.034 0.039 -
5 B27253 Costa Rica 0.050 0.068 0.073 0.024 -
6 B27254 Costa Rica 0.011 0.050 0.055 0.020 0.025 -
7 B27255 Costa Rica 0.011 0.050 0.055 0.019 0.026 0.005 -
8 B27256 Costa Rica 0.057 0.077 0.082 0.028 0.012 0.027 0.022 -
9 B27288 Costa Rica 0.046 0.049 0.052 0.019 0.016 0.036 0.035 0.017 -
10 B27289 Costa Rica 0.053 0.068 0.073 0.022 0.005 0.023 0.021 0.005 0.014 -
11 B27291 Costa Rica 0.052 0.063 0.068 0.026 0.009 0.026 0.027 0.013 0.011 0.002 -
12 B27308 Costa Rica 0.052 0.068 0.074 0.023 0.007 0.021 0.020 0.007 0.013 0.002 0.008 -
13 B27309 Costa Rica 0.052 0.071 0.076 0.024 0.011 0.021 0.020 0.009 0.014 0.004 0.008 0.004 -
14 B27313 Costa Rica 0.052 0.069 0.074 0.023 0.007 0.023 0.021 0.007 0.013 0.002 0.008 0.002 0.004 -
15 B30839 Texas 0.056 0.073 0.078 0.037 0.026 0.030 0.027 0.022 0.025 0.018 0.023 0.020 0.021 0.019 -
16 B2272 Kansas 0.009 0.016 0.021 0.040 0.060 0.041 0.041 0.062 0.053 0.056 0.059 0.060 0.062 0.058 0.055 -
17 B27213 Yucatan 0.053 0.057 0.058 0.064 0.064 0.058 0.057 0.065 0.068 0.062 0.061 0.061 0.064 0.061 0.065 0.050 -
18 B27214 Yucatan 0.049 0.048 0.048 0.062 0.069 0.050 0.047 0.078 0.068 0.069 0.069 0.068 0.071 0.069 0.065 0.050 0.009 -
19 B26399 Panama 0.031 0.052 0.048 0.051 0.081 0.065 0.066 0.085 0.068 0.083 0.080 0.081 0.083 0.084 0.083 0.053 0.066 0.050 -
20 B26400 Panama 0.063 0.050 0.050 0.042 0.021 0.052 0.048 0.026 0.020 0.022 0.021 0.021 0.019 0.021 0.032 0.057 0.060 0.063 0.048 -
21 B27259 Costa Rica 0.043 0.057 0.052 0.053 0.079 0.067 0.066 0.083 0.069 0.082 0.080 0.080 0.082 0.080 0.078 0.055 0.066 0.053 0.020 0.059 -
22 B102016 Ecuador 0.068 0.071 0.066 0.067 0.087 0.080 0.079 0.086 0.078 0.086 0.084 0.082 0.085 0.083 0.085 0.066 0.067 0.069 0.029 0.059 0.014 -
23 B27285 Costa Rica 0.063 0.065 0.060 0.057 0.075 0.072 0.069 0.078 0.061 0.073 0.070 0.076 0.079 0.077 0.078 0.062 0.065 0.058 0.036 0.058 0.021 0.016 -
24 B27286 Costa Rica 0.052 0.068 0.073 0.022 0.009 0.023 0.023 0.010 0.013 0.005 0.009 0.006 0.018 0.006 0.021 0.067 0.060 0.063 0.071 0.019 0.071 0.083 0.068 - S. ruficollis
25 B27290 Costa Rica 0.050 0.068 0.073 0.028 0.009 0.020 0.018 0.007 0.017 0.006 0.010 0.005 0.003 0.006 0.017 0.054 0.064 0.075 0.079 0.019 0.079 0.085 0.077 0.009 -
26 B27347 Peru 0.059 0.066 0.066 0.059 0.074 0.057 0.054 0.080 0.074 0.074 0.074 0.073 0.076 0.074 0.070 0.057 0.057 0.055 0.045 0.071 0.031 0.015 0.014 0.067 0.080 -
27 B27351 Peru 0.073 0.075 0.071 0.070 0.090 0.084 0.085 0.093 0.081 0.090 0.084 0.091 0.092 0.093 0.095 0.072 0.070 0.068 0.032 0.060 0.019 0.010 0.016 0.091 0.091 0.012 -
28 B1118 Bolivia 0.051 0.045 0.045 0.050 0.069 0.050 0.050 0.085 0.069 0.069 0.069 0.069 0.068 0.069 0.063 0.050 0.037 0.042 0.028 0.051 0.027 0.017 0.009 0.059 0.069 0.016 0.016 -
29 B1130 Bolivia 0.053 0.048 0.048 0.057 0.076 0.055 0.055 0.088 0.077 0.076 0.076 0.076 0.076 0.077 0.081 0.048 0.057 0.068 0.052 0.077 0.042 0.015 0.028 0.076 0.076 0.011 0.023 0.029
30 B4984 Peru 0.056 0.030 0.030 0.026 0.030 0.055 0.051 0.042 0.022 0.030 0.030 0.030 0.030 0.030 0.041 0.055 0.062 0.060 0.055 0.029 0.043 0.059 0.043 0.023 0.034 0.059 0.060 0.036
31 B5017 Peru 0.056 0.030 0.030 0.026 0.030 0.055 0.051 0.042 0.022 0.030 0.030 0.030 0.030 0.030 0.041 0.055 0.062 0.060 0.055 0.029 0.043 0.059 0.043 0.023 0.034 0.059 0.060 0.036
32 B5018 Peru 0.056 0.030 0.030 0.026 0.030 0.055 0.051 0.042 0.022 0.030 0.030 0.030 0.030 0.030 0.041 0.055 0.062 0.060 0.055 0.029 0.043 0.059 0.043 0.023 0.034 0.059 0.060 0.036
33 B7290 Peru 0.075 0.029 0.029 0.030 0.054 0.072 0.067 0.061 0.026 0.047 0.049 0.055 0.057 0.058 0.063 0.068 0.077 0.053 0.070 0.053 0.043 0.049 0.048 0.026 0.057 0.052 0.050 0.035
34 B7291 Peru 0.070 0.078 0.074 0.068 0.088 0.085 0.086 0.091 0.076 0.088 0.082 0.086 0.088 0.088 0.091 0.072 0.071 0.067 0.033 0.058 0.021 0.011 0.019 0.089 0.089 0.011 0.009 0.021
35 B9689 Bolivia 0.067 0.093 0.086 0.073 0.102 0.101 0.096 0.102 0.089 0.095 0.096 0.102 0.104 0.102 0.104 0.082 0.084 0.058 0.050 0.065 0.031 0.020 0.020 0.097 0.100 0.011 0.022 0.020
36 B10630 Peru 0.070 0.086 0.079 0.069 0.093 0.089 0.082 0.087 0.080 0.089 0.090 0.087 0.090 0.086 0.094 0.074 0.072 0.058 0.043 0.062 0.022 0.012 0.017 0.100 0.088 0.010 0.017 0.022
37 B10855 Peru 0.086 0.078 0.078 0.081 0.094 0.081 0.078 0.103 0.099 0.094 0.094 0.094 0.094 0.095 0.093 0.082 0.073 0.084 0.069 0.087 0.046 0.027 0.029 0.090 0.097 0.020 0.022 0.039
38 B10859 Peru 0.077 0.060 0.060 0.062 0.085 0.083 0.078 0.089 0.076 0.087 0.086 0.086 0.088 0.089 0.105 0.084 0.077 0.062 0.074 0.091 0.040 0.023 0.035 0.074 0.088 0.019 0.024 0.014
39 B10862 Peru 0.059 0.069 0.069 0.060 0.070 0.058 0.055 0.078 0.071 0.070 0.070 0.070 0.073 0.070 0.072 0.058 0.058 0.055 0.055 0.073 0.035 0.014 0.020 0.070 0.077 0.006 0.013 0.027
40 B12813 Bolivia 0.057 0.037 0.037 0.030 0.065 0.066 0.061 0.072 0.033 0.066 0.066 0.063 0.068 0.065 0.067 0.061 0.067 0.046 0.076 0.067 0.051 0.057 0.053 0.034 0.068 0.038 0.061 0.026
41 B12979 Bolivia 0.065 0.113 0.108 0.093 0.105 0.099 0.100 0.107 0.105 0.104 0.103 0.103 0.106 0.104 0.108 0.085 0.086 0.062 0.047 0.084 0.034 0.026 0.037 0.103 0.105 0.006 0.026 0.017
42 B12984 Bolivia 0.096 0.077 0.077 0.067 0.097 0.092 0.093 0.105 0.070 0.091 0.094 0.097 0.100 0.098 0.099 0.090 0.088 0.061 0.101 0.092 0.066 0.039 0.049 0.069 0.103 0.019 0.040 0.039
43 B15186 Bolivia 0.069 0.076 0.071 0.070 0.088 0.086 0.083 0.090 0.084 0.089 0.086 0.088 0.090 0.090 0.092 0.067 0.071 0.065 0.034 0.060 0.018 0.007 0.016 0.086 0.090 0.009 0.011 0.013
44 B336 Panama 0.069 0.067 0.067 0.068 0.079 0.071 0.067 0.083 0.078 0.080 0.081 0.077 0.081 0.081 0.083 0.071 0.058 0.063 0.056 0.068 0.026 0.008 0.017 0.074 0.079 0.008 0.018 0.013
45 B1970 Panama 0.071 0.083 0.079 0.076 0.090 0.089 0.086 0.093 0.086 0.091 0.089 0.091 0.094 0.093 0.095 0.072 0.073 0.068 0.038 0.061 0.024 0.012 0.017 0.090 0.093 0.012 0.016 0.017
46 B2010 Panama 0.071 0.073 0.068 0.068 0.094 0.086 0.080 0.088 0.083 0.087 0.088 0.087 0.090 0.087 0.090 0.072 0.070 0.065 0.031 0.058 0.017 0.008 0.014 0.087 0.089 0.009 0.010 0.012
47 B2011 Panama 0.057 0.057 0.057 0.057 0.067 0.054 0.051 0.075 0.068 0.067 0.067 0.067 0.070 0.067 0.069 0.055 0.055 0.053 0.055 0.071 0.028 0.007 0.013 0.066 0.074 0.006 0.006 0.022
48 B2012 Panama 0.054 0.050 0.050 0.054 0.064 0.051 0.048 0.075 0.064 0.064 0.064 0.064 0.067 0.064 0.066 0.052 0.051 0.049 0.059 0.067 0.032 0.010 0.016 0.063 0.070 0.009 0.009 0.015
49 B2014 Panama 0.057 0.057 0.057 0.057 0.067 0.054 0.051 0.075 0.068 0.067 0.067 0.067 0.070 0.067 0.069 0.055 0.055 0.053 0.055 0.071 0.028 0.007 0.013 0.066 0.074 0.006 0.006 0.022
50 B37975 Bolivia 0.061 0.072 0.066 0.069 0.103 0.098 0.096 0.104 0.088 0.093 0.103 0.102 0.112 0.099 0.107 0.072 0.072 0.078 0.026 0.040 0.020 0.024 0.013 0.126 0.091 0.000 0.029 0.018
51 B35429 Brazil 0.066 0.075 0.070 0.068 0.094 0.084 0.078 0.088 0.079 0.090 0.090 0.087 0.088 0.089 0.089 0.067 0.071 0.062 0.034 0.063 0.015 0.007 0.013 0.091 0.089 0.006 0.014 0.012
52 B32912 Peru 0.069 0.070 0.066 0.066 0.096 0.093 0.088 0.095 0.078 0.099 0.097 0.099 0.101 0.100 0.098 0.068 0.073 0.062 0.043 0.069 0.022 0.017 0.023 0.083 0.098 0.006 0.021 0.012
53 B32911 Peru 0.066 0.073 0.069 0.066 0.097 0.093 0.088 0.093 0.078 0.095 0.094 0.098 0.104 0.099 0.100 0.066 0.071 0.062 0.042 0.062 0.019 0.015 0.017 0.110 0.095 0.006 0.024 0.013







29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
29 B1130 Bolivia -
30 B4984 Peru 0.057 -
31 B5017 Peru 0.057 0.000 -
32 B5018 Peru 0.057 0.000 0.000 -
33 B7290 Peru 0.055 0.011 0.011 0.011 -
34 B7291 Peru 0.028 0.057 0.057 0.057 0.048 -  
35 B9689 Bolivia 0.011 0.057 0.057 0.057 0.047 0.021 -
36 B10630 Peru 0.000 0.058 0.058 0.058 0.045 0.015 0.016 -
37 B10855 Peru 0.018 0.058 0.058 0.058 0.057 0.023 0.000 0.000 -
38 B10859 Peru 0.013 0.064 0.064 0.064 0.056 0.019 0.020 0.023 0.023 -
39 B10862 Peru 0.006 0.062 0.062 0.062 0.052 0.010 0.011 0.010 0.009 0.020 -
40 B12813 Bolivia 0.046 0.021 0.021 0.021 0.037 0.050 0.057 0.054 0.051 0.054 0.038 -
41 B12979 Bolivia 0.024 0.061 0.061 0.061 0.051 0.024 0.030 0.030 0.026 0.017 0.007 0.053 -
42 B12984 Bolivia 0.014 0.067 0.067 0.067 0.066 0.046 0.040 0.041 0.015 0.057 0.019 0.072 0.043 -
43 B15186 Bolivia 0.019 0.057 0.057 0.057 0.048 0.009 0.012 0.009 0.019 0.020 0.010 0.056 0.018 0.040 -
44 B336 Panama 0.020 0.059 0.059 0.059 0.052 0.011 0.005 0.010 0.019 0.022 0.009 0.058 0.008 0.039 0.004 -
45 B1970 Panama 0.024 0.058 0.058 0.058 0.051 0.014 0.014 0.013 0.022 0.022 0.010 0.059 0.026 0.040 0.010 0.004 -
46 B2010 Panama 0.019 0.057 0.057 0.057 0.048 0.014 0.018 0.012 0.019 0.022 0.010 0.059 0.025 0.038 0.005 0.006 0.010 -
47 B2011 Panama 0.000 0.055 0.055 0.055 0.045 0.009 0.003 0.003 0.000 0.020 0.006 0.045 0.006 0.013 0.003 0.003 0.003 0.003 -
48 B2012 Panama 0.007 0.051 0.051 0.051 0.042 0.013 0.006 0.006 0.005 0.023 0.010 0.041 0.009 0.017 0.006 0.006 0.006 0.006 0.003 -
49 B2014 Panama 0.000 0.055 0.055 0.055 0.045 0.009 0.003 0.003 0.000 0.020 0.006 0.045 0.006 0.013 0.003 0.003 0.003 0.003 0.000 0.003 -
50 B37975 Bolivia 0.027 0.050 0.050 0.050 0.047 0.032 0.042 0.036 0.036 0.012 0.019 0.066 0.049 0.030 0.009 0.010 0.019 0.028 0.000 0.016 0.000 -
51 B35429 Brazil 0.019 0.054 0.054 0.054 0.050 0.013 0.020 0.010 0.019 0.022 0.007 0.053 0.027 0.043 0.006 0.006 0.013 0.007 0.000 0.003 0.000 0.024 -
52 B32912 Peru 0.019 0.054 0.054 0.054 0.062 0.016 0.026 0.017 0.019 0.032 0.007 0.046 0.030 0.046 0.015 0.023 0.021 0.011 0.000 0.003 0.000 0.009 0.013 -
53 B32911 Peru 0.019 0.054 0.054 0.054 0.051 0.020 0.022 0.021 0.019 0.020 0.007 0.054 0.028 0.041 0.011 0.019 0.017 0.010 0.000 0.003 0.000 0.025 0.017 0.007 -
54 B29945 Ecuador 0.019 0.054 0.054 0.054 0.048 0.017 0.025 0.015 0.019 0.032 0.007 0.059 0.031 0.035 0.011 0.009 0.013 0.007 0.000 0.003 0.000 0.023 0.006 0.016 0.018 -
S.ruficollis
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Using the tree structure inferred from the Bayesian analyses I constructed two
pseudo-populations from the two large ingroup clades and removed the Yucatan and S.
r. decolor samples in order to explore the genetic structure of the species.  I used the
software package Arlequin 2.0 (Roeselli et al. 1999) to estimate the population
parameter 
€ 
Θ  and construct mismatch distributions for each clade (Rogers and H.
Harpending 1992).
Two methods were used to calculate the population parameter theta, the
expected diversity of a population at equilibrium with migration and mutation or
Θ = 2Mµ  where M is the population size and µ is the mutation rate.  The population
diversity parameter ˆ Θ S  is based on the number of segregating sites (s) in a sample of
non-recombining DNA:









S = number of segregating sites (sites which differ among sequences)
n= sample size (number of sequences)
i= the haplotype under consideration
The parameter ˆ Θ π  is based on the average number of pairwise differences among
sequences.
Formula 11 E( ˆ π ) = Θ
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To detect any recent population expansion mismatch distributions were
constructed.  These are the distributions of the observed differences among all pairs of
sequences and are useful in detecting recent population bottlenecks.  A population at
demographic equilibrium will likely yield a multimodal distribution, as enough time will
have passed for mutations to accumulate and create a diverse collection of haplotypes.
A population having undergone a recent expansion subsequent to either a bottleneck or
founding event will have a depressed number of haplotypes (Rogers and H. Harpending
1992).  The depression comes from a small number of haplotypes surviving the
bottleneck and the rapid expansion allows the population to regain its volume of
individuals, but not the diversity of haplotypes, which comes only with time. Formula 12
gives the probability of observing S differences between any two randomly chosen
mitochondrial haplotypes.











∑ FS − j Θ 0( ) − FS − j Θ1( )[ ]
Where:
FS Θ( ) =
Θ S
Θ +1( )S+1
 or the probability of observing two random haplotypes with S differences in a
stationary population. τ = the number of generations since the bottleneck and is
equivalent to twice the mutation rate times time.j= the haplotype under consideration.
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--Microsatellites
To determine gene flow and population structure in the rough-winged swallows I
used five variable microsatellite loci  (Appendices M & N) and four pseudo populations:
serripennis  in Central America (serCA), serripennis in North America (serrNA), ruficollis
in Central America (rufCA), and ruficollis in South America (rufSA).   These pseudo-
populations are useful for uncovering population characteristics unique to the contact
zone area.
 Sex linkage of the microsatellite loci was ruled out by the occurrence of each
locus in both sexes and by the presence of heterozygous females. Using Arlequin 2.0
(Roeselli et. al.1999) the allele frequencies were determined.  As a test for introgression
between populations, pairwise tests for population differentiation were performed.
Results
-Allozymes
Of the 17 allozyme loci examined only three showed allelic variation: Creatine
Kinase, Mannose Isomerase Phosphate, and Phosphoglucomutase.  The variation was
restricted to one alternate allele in each case.  Three individuals  (B27313 Costa Rica,
B12016 Ecuador, and B27351 Peru) expressed the alternate allele for Creatine Kinase,
one individual (B27313 Costa Rica) for Mannose Isomerase Phosphate and one individual
(B27285 Costa Rica) for Phosphate Phosphoglucomutase.  There is no apparent
geographic component to this variation.
-Phylogenetics
Both the Bayesian tree (figure 3.3) and the ML tree (figure 3.4) show general
separation between S. serripennis   and S. ruficollis.  Three Central American S. ruficollis,
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however, appear in the northern clade. The paraphyly of the northern clade is evidence
either of hybridization or a lack of ancestral lineage sorting.
All three ruficollis that group in the northern clade are Central American in origin
and one of them is the decolor subspecies.  Lineage sorting might be the better answer
in this case since the breeding ranges of decolor and S. s. fulvipennis do not overlap,
minimizing  the possibility of hybridization.  Both of the uropygialis individuals were
collected near the upper limit of their elevational range.  One of the uropygialis
individuals  (B27290) is largely homozygous in its microsatellite genotype and includes
alleles unique to the northern clade suggesting it might have been misidentified.  The
other uropygialis   is homozygous for three of the five microsatellite loci examined and
expresses only alleles found in both species, not strong evidence for being a hybrid.
The Yucatan S. ridgwayi is present as a separate clade in both trees and appears
as sister to serripennis on optimal Maximum Likelihood and Bayesian trees.  However, the
Bayesian tree gives 63% support to a sister relationship between the Northern and
Yucatan Rough-winged Swallows.  Such a value is insufficient to make a definitive
judgment on their relationship.   Similarly, bootstrapping also fails to define ridgwayi’s
relationship to the other swallows.  The close relationship among these swallows makes
tree topology more susceptible to loss of structure during bootstrapping.
The minimum spanning network (Roeselli et. al.1999) from the sequence data
offers little more insight than the bifurcating trees (figure 3.5).   South American
haplotypes are more closely related to each other than to the North American
haplotypes.  Some Costa Rican haplotypes are found in both ruficollis and serripennis
individuals.  The shared haplotypes are fewer steps away from the ‘true’ southern




For mitochondrial data, as the population parameter θ increases so does the
effective population size.  The estimates of θ found for the northern and southern
populations suggest diverse populations with low expected gene identity and high
expected number of alleles according to figure 3.6:
Northern  θπ=5.7, SD=3.2, θS= 4.2, SD= 1.8
Southern  θπ=2.1, SD= 1.3, θS=2.2, SD=0.9
The mismatch distributions (figures 3.7 & 3.8) provide a clearer graphical representation
of the stability of the populations.  The more evenly distributed profile of serripennis   
suggests more long-term stability or structure in the northern birds (Rogers and H.
Harpending 1992).
--Microsatellites
The five microsatellite loci used in this study vary individually and by population
(table 3.6, genotypes in appendix H).  Sex linkage was ruled out by the appearance of
each locus in male and female individuals and by the presence of heterozygous females
(females are the heterogametic sex in avian species).
 Exact tests for population differentiation  (table 3.7) were significant between
the two Central American pseudo-populations and the Central American serripennis and
the South American ruficollis.    Interestingly, the differences between the North
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Figure 3.6:  Expected gene identity and number of alleles relative to theta (modified








































Figure 3.8: Mismatch distribution for S. serripennis
55
Table 3.6:  Allele frequencies for each locus in the northern southern and Yucatan populations
Locus1 Locus2
serripennis ruficollis ridgwayi decolor serripennis ruficollis ridgwayi decolor
N=19 N=30 N=2 N=3 N=19 N=30 N=2 N=3
Allele 1 0.028 0.000 0.000 0.000 Allele 1 0.071 0.000 1.000 0.000
Allele 2 0.000 0.017 0.000 0.000 Allele 2 0.071 0.089 0.000 0.000
Allele 3 0.000 0.017 0.000 0.000 Allele 3 0.000 0.107 0.000 0.000
Allele 4 0.000 0.017 0.000 0.000 Allele 4 0.250 0.107 0.000 0.000
Allele 5 0.000 0.017 0.000 0.000 Allele 5 0.143 0.089 0.000 0.000
Allele 6 0.028 0.000 0.000 0.000 Allele 6 0.250 0.000 0.000 0.000
Allele 7 0.028 0.034 0.000 0.000 Allele 7 0.036 0.196 0.000 0.250
Allele 8 0.000 0.034 0.000 0.000 Allele 8 0.000 0.036 0.000 0.000
Allele 9 0.000 0.086 0.000 0.000 Allele 9 0.000 0.161 0.000 0.000
Allele 10 0.000 0.052 0.000 0.000 Allele 10 0.036 0.054 0.000 0.000
Allele 11 0.000 0.138 0.000 0.000 Allele 11 0.071 0.107 0.000 0.500
Allele 12 0.000 0.017 0.000 0.000 Allele 12 0.000 0.054 0.000 0.250
Allele 13 0.000 0.103 0.000 0.000 Allele 13 0.036 0.000 0.000 0.000
Allele 14 0.250 0.000 0.000 0.333 Allele 14 0.036 0.000 0.000 0.000
Allele 15 0.111 0.052 0.000 0.333
Allele 16 0.083 0.121 0.000 0.167
Allele 17 0.028 0.103 0.000 0.167
Allele 18 0.028 0.000 0.000 0.000
Allele 19 0.111 0.000 0.000 0.000
Allele 20 0.111 0.069 0.750 0.000
Allele 21 0.194 0.017 0.000 0.000
Allele 22 0.000 0.017 0.250 0.000
Allele 23 0.000 0.017 0.000 0.000
Allele 24 0.000 0.017 0.000 0.000
Allele 25 0.000 0.017 0.000 0.000
Allele 26 0.000 0.034 0.000 0.000
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Table 3.6:  continued
Locus3 Locus4
serripennis ruficollis ridgwayi decolor serripennis ruficollis ridgwayi decolor
N=19 N=30 N=2 N=3 N=19 N=30 N=2 N=3
Allele 1 0.029 0.217 0.000 0.167 Allele 1 0.000 0.032 0.000 0.000
Allele 2 0.000 0.050 0.000 0.000 Allele 2 0.000 0.016 0.000 0.000
Allele 3 0.706 0.550 0.750 0.667 Allele 3 0.056 0.032 0.000 0.000
Allele 4 0.059 0.067 0.000 0.000 Allele 4 0.306 0.000 0.000 0.000
Allele 5 0.000 0.000 0.250 0.000 Allele 5 0.194 0.194 0.000 0.000
Allele 6 0.059 0.000 0.000 0.000 Allele 6 0.222 0.048 0.000 0.000
Allele 7 0.000 0.050 0.000 0.000 Allele 7 0.056 0.113 0.000 0.000
Allele 8 0.118 0.000 0.000 0.167 Allele 8 0.000 0.226 0.750 0.833
Allele 9 0.029 0.017 0.000 0.000 Allele 9 0.111 0.129 0.250 0.000
Allele 10 0.000 0.050 0.000 0.000 Allele 10 0.000 0.113 0.000 0.167
Allele 11 0.056 0.032 0.000 0.000
Allele 12 0.000 0.032 0.000 0.000
Allele 13 0.000 0.032 0.000 0.000
Locus5
serripennis ruficollis ridgwayi decolor
N=19 N=30 N=2 N=3
Allele 1 0.000 0.018 0.000 0.000
Allele 2 0.000 0.036 0.000 0.000
Allele 3 0.000 0.036 0.000 0.000
Allele 4 0.792 0.607 1.000 1.000
Allele 5 0.083 0.125 0.000 0.000
Allele 6 0.042 0.107 0.000 0.000
Allele 7 0.042 0.018 0.000 0.000
Allele 8 0.000 0.018 0.000 0.000
Allele 9 0.000 0.018 0.000 0.000
Allele 10 0.042 0.000 0.000 0.000
Allele 11 0.000 0.018 0.000 0.000
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Table 3.7: unbiased estimates of the P-value of the Fisher exact test of population
differentiation at each locus. CA=Central America, NA=North America, SA=South
America, serr=serripennis, ruf=ruficollis
P-value for each population pair across all loci (Fisher's method)
Population                X2   df     P-value
serr CA &serr NA 29.7  10     0.00094
 ruf CA &serr NA 30.1    10     0.00083
 ru fCA  & serrCA Infinity  10     Highly significant
 ruf SA & serr NA 23.9   10     0.00787
 ruf SA & serr CA Infinity  10     Highly significant
 ruf SA & ru fCA 30.6 10     0.00068
Discussion
Maximum likelihood and Bayesian inference provide a consistent picture of
roughwing swallow relationships.  In both trees the Northern and Southern Rough-winged
Swallows appear mainly separated, and the Yucatan Rough-winged Swallows form their
own clade.  The paraphyly observed, in which a few S. ruficollis appear in the S.
serripennis clade, is likely due to lack of lineage sorting among these closely related
groups.  It is not surprising in light of the close genetic distances and the noise in the
sequence data as shown by the estimates of θ.
The separation between the northern and southern clades is accentuated by their
differing mismatch distributions.   The multimodal curve of the northern clade’s
mismatch distribution suggests a stable and genetically diverse population.  The more
mono-modal and left-skewed curve of the southern clade is indicative of haplotype
Population Locus 1 Locus 2 Locus 3 Locus 4 Locus 5
serr CA &serr NA 0.03211 .05215 .06754 .00549 .55995
ruf CA &serr NA 0.12248 .03476 .01039 .02595 .25620
ru fCA  & serrCA 0.00110 .03242 .04256 .0000 .85967
ruf SA & serr NA 0.34413 .05855 .31907 .00104 .96611
ruf SA & serr CA 0.00008 .03579 .00865 .00000 .52609
ruf SA & ru fCA 0.00802 .01105 .01547 .33717 .49023
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depression or lack of diversity that can be a feature of a young population or be a result
of a fairly recent bottleneck in the population’s size.  When expansion of a population
exceeds the mutation rate, there is a tendency toward uniformity of haplotypes
resulting in a unimodal mismatch distribution.
The microsatellite data support current species-level taxonomy. The separation
between the Central American pseudo-populations is greater than that between the
North and South American pseudo-populations.  Such an arrangement would not be
expected if there were hybridization.  It is more in keeping with the phenomenon of
reinforcement (Howard 1993).   Interbreeding among the Costa Rican birds would result
in a closer relationship between the Central American pseudo-populations and excessive
heterozygosity.  Reinforcement is a process whereby populations in secondary contact
can hybridize but produce inferior offspring.  Selection against hybrids results in locally
increased reproductive isolation in the contact zone. For reinforcement to be a lasting
feature there must be a selective cline on either side of the contact zone, favoring each
of the populations on their respective ‘sides’.  While each population enjoys favorable
selective pressure outside the contact zone, within it mating isolation is reinforced by
selection against hybrid offspring.
 Private alleles are present in both species and in the Yucatan specimens,
strengthening the case for species level distinction for, serripennis, and ruficollis.    For
ridgwayi, the data are consistent with separation from other Stelgidopteryx however, it
is not enough for a definitive assessment. Characterization of the Yucatan Rough-winged
Swallow is not possible without a larger sample.
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Summary and Conclusions
Once thought conspecific, S. serripennis and S. ruficollis are now considered
separate species (Stiles 1981).  Comparisons of plumage and nuclear and mitochondrial
markers supports this division.  They also clarify the position of the Yucatan Rough-
winged Swallow and the status of subspecies of the Southern Rough-winged Swallow.
Hybridization between serripennis and ruficollis is not indicated by observations (Stiles
1981), plumage or molecules. Rather, the intergradation and paraphyly present between
the two species in Costa Rica is likely an ancestral polymorphism not yet sorted between
the lineages.  Were the Northern and Southern Rough-winged swallows hybridizing, a
greater degree of paraphyly would be present because northern genes would flow
southward and vice versa.  Moreover, the genetic distances between the northern and
southern populations is similar to that found in other swallow groups and in other
tropical passerines that consist of multiple species.
The swallow contact zone in Costa Rica is unusual in its north to south
orientation.  Other Costa Rican contact zones and parapatric ranges such as those found
in Scarlet Rumped Tanagers (Ramphocelus p. paserinii and R. p. costaricensis) (Hackett
1996, Wetmore 1984), Collared and Fiery-billed Aracaris (Pteroglossus torquatus and P.
frantzii) (Hackett 1992, Stiles and Skutch 1989), Red-capped Manakin (Pipra m.
mentalis and m. ignifera) (Hackett 1992) and Black and White-crested Coquettes
(Lophornis helenae and L. adorabilis) (Stiles and Skutch 1989), are east to west, similar
to the configuration of the Caribbean uropygialis and Pacific decolor subspecies of S.
ruficollis.   These distributions, which lie on either side of the Cordillera de Talamanca
and Central mountain ranges, were likely influenced by Pleistocene climatic change.  The
glaciation of the upper slopes of the Talamanca during the last glacial period of the
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Pleistocene would have posed a barrier to trans-Isthmus dispersal during that time and
could have allowed divergence to occur (Haffer 1970).  The North-South contact zone
between S. serripennis and S. ruficollis presumably represents an older split.  Using the
gross estimate of 2% divergence per million years (Shields and Wilson 1987, Tarr and
Fleischer 1993, Fleischer et. al 1998, Lovette and Bermingham 1999) and the 11%
maximum divergence and 7.2% average distance between North and South America in
the cytochrome-b sample, the latest estimate for divergence is 3.6 million years ago.  At
that time the landbridge between North and South America had not fully emerged
(Duque-Caro1990), so sedentary populations on either continent would not come into
contact.
 The secondary contact of rough-winged swallows in the Central American
landbridge invokes the questions about the early evolution of Stelgidopteryx.  The
history of swallows in the New World has become increasingly clear over the last 10
years (Sheldon and Winkler 1993, Whittingham et al. 2002, Sheldon et al. submitted).
The New World swallows derived from Old World swallows and consist of two main
groups with different distributions.  The basal New World swallows, Stelgidopteryx,
Progne (the American Martins), and Tachycineta (the tree swallows), are distributed
across North and South America, and a distal group, the Neotropical endemics, is
restricted to South and Central America.  As the earliest New World lineages, the basal
genera probably derived in North America and spread south to South America, where
they gave rise to the Neotropical endemics.  Swallows are highly vagile birds, and
capable of long distance range expansion (e.g., Martinez 1983).  Stelgidopteryx and
Tachycineta display a similar degree of divergence between their North and South
American taxa (average divergence in Tachycineta between the continents is 9%
61
divergence), suggesting an early colonization of South America, prior to the Panamanian
connection.  North and South American Progne taxa are somewhat less diverged (5%
divergence), and are likely to have invaded South America via the Panamanian isthmus.
The establishment of rough-wing swallows in South America occurred early
enough for them to have diverged considerably from their North American progenitors
(up to 10% or more).  When the landbridge was completed and the birds came into
secondary contact, they had diverged sufficiently to exhibit assortative mating. Despite
their early separation the rough-winged swallows have not yet undergone complete
lineage sorting and have surprisingly little  phenotypic diversity despite their substantial
divergence.
Plumage data are consistent with the genetic results.  The longitudinal plumage
cline proceeds smoothly from North to South until Costa Rica, where is shifts abruptly to
more richly colored birds.  Costa Rica as the site of secondary contact is evident in
Stiles’ (1981) observations and my genetic and plumage analyses.
The birds of the Yucatan present a different story.  My genetic sample size is
insufficient for a proper population genetics analysis; however, enough information exists
to develop a logical explanation of their evolution.  These birds are sedentary and
occupy wetter habitat than do other rough-wings in Northern Central America (Phillips
1986).  Novel traits, such as private alleles in microsatellite loci and white loral spots on
their plumage, in addition to overall darker plumage are consistent with Gloger’s Rule
(Gloger 1833).  While there is no single character that unequivocally separates the
Yucatan Rough-winged Swallow from its congeners, cumulative evidence distinguishes it.
Plumage of Yucatan birds is substantially and consistently darker over larger parts of the
body and displays white loral spots absent in any other form (Phillips 1986).
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Morphologically, the Yucatan birds are purported to be larger than neighboring
roughwings (Phillips 1986, Griscom 1929), although I was unable to confirm this myself.
Combined with the morphological characteristics is the small amount of molecular
evidence.  The sequences of Yucatan birds consistently clustered together separate
from those of northern clades in both the ML and Bayesian trees.
At a basic level evolution is about change and how populations diverge from each
other on the way to forming species.  The rough-winged swallows provide an excellent
example of species whose existence can be linked not only to geologic events, but to
habitat preference and climate as well.  This study provides insight into how the species
were formed from a source population and why the original divergence has allowed the
species to continue on separate evolutionary trajectories.
Based on evidence presented in this study and in light of geologic events in their
range of distribution, I suggest the following taxonomy:  Rough-winged swallows consist
of three species Stelgidopteryx serripennis, S. ruficollis and S. ridgwayi. The
intergradation of traits across the contact zone is consistent with ancestral
polymorphisms that have not yet been eliminated by lineage sorting.  Hybridization is
not likely, given the lack of direct (behavioral) evidence to support it (Stiles 1981), the
clear display of assortative mating within the species and the evidence of increased
divergence within the contact zone in the microsatellite data.
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Morphological Data and Factors from Principal Component Analysis
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20710 LSUMZ Belize 20N m 4.83 0.68 106.9 2.03 41.38 1.62 11.68 1.07 0.78 0.35 -0.90 0.32
67559 LSUMZ Brazil 5S m 5.18 0.71 106.4 2.03 44.50 1.65 9.27 0.97 0.94 -1.38 0.37 0.32
67561 LSUMZ Brazil 5S m 5.33 0.73 106.0 2.03 43.87 1.64 9.09 0.96 0.83 -1.39 0.29 0.39
67560 LSUMZ Brazil 5S m 4.93 0.69 102.0 2.01 42.98 1.63 10.03 1.00 1.36 -0.72 0.02 -0.42
71801 LSUMZ Brazil 5S m 5.03 0.70 104.9 2.02 45.82 1.66 10.06 1.00 0.93 -0.96 0.60 -0.13
71802 LSUMZ Brazil 5S m 4.88 0.69 111.6 2.05 47.37 1.68 9.86 0.99 0.78 -1.43 0.63 0.78
63012 LSUMZ Brazil 25S m 4.88 0.69 114.8 2.06 48.39 1.68 9.60 0.98 0.66 -1.78 0.79 1.20
63014 LSUMZ Brazil 20S m 4.98 0.70 111.8 2.05 48.31 1.68 10.11 1.00 0.52 -1.28 0.83 0.73
63015 LSUMZ Brazil 20S m 5.18 0.71 111.2 2.05 44.12 1.64 10.64 1.03 0.23 -0.48 -0.17 0.97
63016 LSUMZ Brazil 20S f 5.23 0.72 102.5 2.01 38.86 1.59 10.72 1.03 0.85 0.26 -1.17 0.03
63017 LSUMZ Brazil 20S m 4.72 0.67 112.3 2.05 46.15 1.66 10.52 1.02 0.82 -0.97 0.19 0.84
63018 LSUMZ Brazil 25S m 5.08 0.71 112.6 2.05 47.60 1.68 10.72 1.03 0.15 -0.79 0.56 0.91
63019 LSUMZ Brazil 25S m 5.08 0.71 98.7 1.99 41.76 1.62 10.92 1.04 1.13 0.14 -0.22 -0.94
38806 LSUMZ Colombia 5N m 4.75 0.68 94.1 1.97 38.89 1.59 9.75 0.99 2.37 -0.46 -0.63 -1.49
38807 LSUMZ Colombia 5N m 5.26 0.72 106.8 2.03 41.63 1.62 10.26 1.01 0.59 -0.39 -0.55 0.55
38808 LSUMZ Colombia 5N m 5.44 0.74 113.9 2.06 48.77 1.69 10.06 1.00 -0.23 -1.20 0.92 1.19
46142 LSUMZ Colombia 0 m 5.28 0.72 97.1 1.99 42.11 1.62 10.57 1.02 -3.75 -5.02 -3.43 -3.78
46143 LSUMZ Colombia 0 f 5.23 0.72 96.9 1.99 40.89 1.61 10.31 1.01 -3.51 -4.90 -3.56 -4.17
46144 LSUMZ Colombia 5N f 4.95 0.69 102.2 2.01 44.73 1.65 10.85 1.04 1.01 -0.30 0.34 -0.61
46145 LSUMZ Colombia 5N m 5.03 0.70 108.9 2.04 0.00 N/A 11.63 1.07 . . . .
41263 USNM Costa Rica 10N ? 5.77 0.76 109.1 2.04 47.73 1.68 10.62 1.03 -0.53 -0.48 0.88 0.57
64405 USNM Costa Rica 10N f 6.40 0.81 94.2 1.97 42.55 1.63 10.08 1.00 0.00 0.19 0.56 -1.34
68176 USNM Costa Rica 10N f 6.22 0.79 102.4 2.01 48.46 1.69 10.72 1.03 -0.72 -0.12 1.42 -0.45
191713 USNM Costa Rica 10N f 5.38 0.73 84.7 1.93 43.61 1.64 12.95 1.11 1.06 1.71 0.80 -3.70
200020 USNM Costa Rica 10N f 5.28 0.72 106.6 2.03 45.95 1.66 11.20 1.05 0.14 -0.11 0.40 0.12
    Appendix  A continued
73
Catalog

















34678 USNM Costa Rica 10N m 5.79 0.76 90.4 1.96 40.11 1.60 11.53 1.06 0.63 1.22 -0.20 -2.12
34679 USNM Costa Rica 10N m 4.98 0.70 0.0 N/A 30.28 1.48 11.07 1.04 . . . .
68177 USNM Costa Rica 10N m 5.64 0.75 107.7 2.03 48.56 1.69 11.00 1.04 -0.41 -0.31 1.05 0.22
68178 USNM Costa Rica 10N m 5.66 0.75 101.2 2.01 43.64 1.64 12.01 1.08 -0.18 0.88 0.06 -0.56
198894 USNM Costa Rica 10N m 5.99 0.78 107.3 2.03 49.58 1.70 12.57 1.10 -1.30 0.73 1.11 0.10
200019 USNM Costa Rica 10N m 5.92 0.77 108.8 2.04 49.28 1.69 10.26 1.01 -0.63 -0.77 1.33 0.50
200021 USNM Costa Rica 10N m 5.49 0.74 108.4 2.03 46.08 1.66 12.52 1.10 -0.59 0.74 0.18 0.35
200022 USNM Costa Rica 10N m 6.12 0.79 108.7 2.04 46.91 1.67 10.82 1.03 -0.95 -0.12 0.73 0.63
487540 USNM Costa Rica 10N m 6.45 0.81 103.8 2.02 44.53 1.65 12.27 1.09 -1.37 1.21 0.24 0.00
200023 USNM Costa Rica 10N m 6.17 0.79 106.8 2.03 39.42 1.60 9.42 0.97 -0.19 -0.42 -0.83 1.06
1800 UCR Costa Rica 10N m 5.00 0.70 114.0 2.06 41.00 1.61 9.00 0.95 0.99 -1.56 -0.85 1.72
660 UCR Costa Rica 10N m 6.00 0.78 115.0 2.06 43.00 1.63 14.00 1.15 -1.86 1.85 -0.98 1.64
1799 UCR Costa Rica 10N f 5.00 0.70 110.0 2.04 45.00 1.65 11.00 1.04 0.43 -0.38 0.00 0.62
3506 UCR Costa Rica 10N m 5.50 0.74 104.0 2.02 35.00 1.54 10.00 1.00 0.80 0.23 -2.20 0.74
2262 UCR Costa Rica 10N f 5.00 0.70 103.0 2.01 39.00 1.59 13.00 1.11 0.52 1.50 -1.51 -0.14
2476 UCR Costa Rica 10N m 5.50 0.74 112.0 2.05 43.00 1.63 13.00 1.11 -0.82 1.18 -0.80 1.10
659 UCR Costa Rica 10N m 5.00 0.70 104.0 2.02 33.00 1.52 12.00 1.08 0.99 1.52 -3.25 0.63
2260 UCR Costa Rica 10N f 6.00 0.78 110.0 2.04 41.00 1.61 12.00 1.08 -1.00 1.03 -0.99 1.14
2261 UCR Costa Rica 10N f 5.00 0.70 105.0 2.02 43.00 1.63 13.00 1.11 0.26 1.11 -0.55 -0.15
2259 UCR Costa Rica 10N f 6.00 0.78 103.0 2.01 42.00 1.62 13.00 1.11 -0.89 1.68 -0.54 -0.09
2252 UCR Costa Rica 10N f 5.50 0.74 104.0 2.02 43.00 1.63 12.00 1.08 -0.10 0.78 -0.28 -0.08
1820 UCR Costa Rica 10N m 5.50 0.74 109.0 2.04 44.00 1.64 11.00 1.04 -0.15 -0.04 -0.12 0.70
1824 UCR Costa Rica 10N m 6.00 0.78 101.0 2.00 40.00 1.60 12.00 1.08 -0.43 1.33 -0.82 -0.22
661 UCR Costa Rica 10N - 5.00 0.70 95.0 1.98 41.00 1.61 13.00 1.11 0.95 1.51 -0.55 -1.67
36 UCR Costa Rica 10N m 5.00 0.70 104.0 2.02 43.00 1.63 10.00 1.00 1.15 -0.75 -0.06 -0.08
2277 UCR Costa Rica 10N f 5.50 0.74 99.0 2.00 39.00 1.59 11.00 1.04 0.63 0.63 -0.94 -0.51
2278 UCR Costa Rica 10N m 5.50 0.74 110.0 2.04 42.00 1.62 13.00 1.11 -0.67 1.31 -0.95 0.86
2432 UCR Costa Rica 10N f 5.00 0.70 100.0 2.00 41.00 1.61 12.00 1.08 0.89 0.81 -0.67 -0.75
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1822 UCR Costa Rica 10N f 6.00 0.78 94.0 1.97 39.00 1.59 11.00 1.04 0.34 0.97 -0.58 -1.27
1821 UCR Costa Rica 10N f 6.00 0.78 130.0 2.11 40.00 1.60 11.00 1.04 -1.73 0.09 -1.97 4.15
1825 UCR Costa Rica 10N f 5.00 0.70 101.0 2.00 43.00 1.63 10.00 1.00 1.34 -0.68 0.10 -0.59
2251 UCR Costa Rica 10N m 6.00 0.78 108.0 2.03 45.00 1.65 11.00 1.04 -0.75 0.11 0.26 0.61
1823 UCR Costa Rica 10N f 6.00 0.78 98.0 1.99 41.00 1.61 9.00 0.95 0.64 -0.75 0.10 -0.56
32555 LSUMZ Costa Rica 10N m 4.67 0.67 107.5 2.03 46.53 1.67 10.21 1.01 1.24 -1.14 0.56 0.08
30670 LSUMZ Costa Rica 10N m 5.44 0.74 101.6 2.01 39.12 1.59 9.65 0.98 0.96 -0.40 -0.83 0.00
35013 LSUMZ Costa Rica 10N m 4.60 0.66 107.2 2.03 37.57 1.57 10.03 1.00 1.78 -0.53 -1.75 0.72
30669 LSUMZ Costa Rica 10N f 6.53 0.81 97.2 1.99 41.05 1.61 9.86 0.99 -0.22 0.13 0.06 -0.62
191712 USNM Costa Rica 10N f 5.54 0.74 102.1 2.01 46.08 1.66 12.70 1.10 -0.33 1.00 0.47 -0.66
454091 USNM Cuba 20N m 5.64 0.75 105.3 2.02 44.09 1.64 10.39 1.02 0.06 -0.30 0.21 0.19
395791 USNM Cuba 20N m 5.82 0.76 108.3 2.03 47.27 1.67 13.00 1.11 -1.18 1.05 0.48 0.33
77677 LSUMZ Ecuador 0 m 5.64 0.75 107.8 2.03 45.52 1.66 10.01 1.00 -5.04 -4.47 -4.40 -2.14
35096 USNM Guatemala 15N ? 5.64 0.75 97.0 1.99 43.82 1.64 12.27 1.09 0.04 1.10 0.28 -1.30
69812 USNM Guatemala 15N ? 6.38 0.80 98.8 1.99 40.23 1.60 11.63 1.07 -0.64 1.28 -0.54 -0.47
148896 USNM Guatemala 15N ? 7.04 0.85 109.9 2.04 45.06 1.65 11.76 1.07 -2.22 0.93 0.23 1.11
302367 USNM Guatemala 15N f 6.81 0.83 102.6 2.01 55.50 1.74 11.10 1.05 -1.70 -0.15 2.91 -0.74
349651 USNM Guatemala 15N f 5.97 0.78 101.1 2.00 47.75 1.68 12.45 1.10 -0.81 0.93 1.03 -0.80
302368 USNM Guatemala 15N m 6.58 0.82 111.1 2.05 47.12 1.67 10.82 1.03 -1.62 -0.02 0.73 1.12
349652 USNM Guatemala 15N m 5.61 0.75 109.0 2.04 50.27 1.70 10.03 1.00 -0.21 -1.13 1.52 0.37
150889 USNM Guatemala 15N m* 5.82 0.76 104.7 2.02 49.30 1.69 10.01 1.00 -0.19 -0.90 1.56 -0.17
26373 USNM Mexico 20N ? 5.18 0.71 89.5 1.95 47.37 1.68 11.81 1.07 1.14 0.54 1.52 -3.01
38152 USNM Mexico 20N ? 5.74 0.76 112.9 2.05 44.45 1.65 12.17 1.09 -1.03 0.66 -0.31 1.27
38154 USNM Mexico 20N ? 5.16 0.71 114.2 2.06 47.73 1.68 10.77 1.03 -0.05 -0.76 0.52 1.16
148897 USNM Mexico 20N ? 5.97 0.78 106.5 2.03 43.18 1.64 13.54 1.13 -1.24 1.78 -0.48 0.32
166319 USNM Mexico 20N f 6.53 0.81 106.1 2.03 45.72 1.66 12.22 1.09 -1.62 1.06 0.42 0.33
184934 USNM Mexico 20N f 6.15 0.79 106.5 2.03 44.07 1.64 11.05 1.04 -0.83 0.32 0.12 0.48
483258 USNM Mexico 15N f 5.79 0.76 106.4 2.03 45.85 1.66 11.15 1.05 -0.49 0.09 0.48 0.24
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483259 USNM Mexico 15N f 5.79 0.76 100.3 2.00 43.31 1.64 10.26 1.01 0.24 -0.15 0.33 -0.52
158855 USNM Mexico 20N f 5.66 0.75 107.5 2.03 45.87 1.66 12.34 1.09 -0.71 0.74 0.24 0.28
196722 USNM Mexico 20N f 5.51 0.74 102.2 2.01 42.52 1.63 12.55 1.10 -0.15 1.19 -0.38 -0.36
158856 USNM Mexico 20N f 5.59 0.75 104.8 2.02 43.18 1.64 13.18 1.12 -0.59 1.46 -0.43 0.00
42203 USNM Mexico 25N f 5.33 0.73 108.1 2.03 41.66 1.62 11.56 1.06 0.03 0.46 -0.77 0.66
183816 USNM Mexico 25N f 5.82 0.76 102.3 2.01 44.93 1.65 11.66 1.07 -0.40 0.60 0.41 -0.39
365557 USNM Mexico 25N f 5.51 0.74 104.9 2.02 47.42 1.68 11.43 1.06 -0.18 0.06 0.84 -0.21
259977 USNM Mexico 25N f 5.87 0.77 100.7 2.00 41.12 1.61 11.28 1.05 -0.09 0.73 -0.43 -0.33
196723 USNM Mexico 25N f 5.66 0.75 105.4 2.02 44.88 1.65 10.46 1.02 -0.04 -0.31 0.39 0.17
157177 USNM Mexico 20N f 6.38 0.80 99.2 2.00 42.77 1.63 9.93 1.00 -0.24 -0.08 0.38 -0.49
157063 USNM Mexico 20N f 6.73 0.83 96.1 1.98 39.22 1.59 12.04 1.08 -0.93 1.83 -0.70 -0.79
157178 USNM Mexico 20N f 5.64 0.75 97.1 1.99 38.07 1.58 9.75 0.99 1.00 -0.04 -0.85 -0.64
124525 USNM Mexico 25N f 5.51 0.74 80.0 1.90 36.04 1.56 12.07 1.08 1.78 2.09 -0.85 -3.95
39264 USNM Mexico 20N m 7.11 0.85 102.1 2.01 48.06 1.68 11.68 1.07 -1.92 0.86 1.33 -0.33
185981 USNM Mexico 20N m 5.74 0.76 112.9 2.05 47.60 1.68 10.46 1.02 -0.66 -0.66 0.70 1.17
483257 USNM Mexico 15N m 5.51 0.74 107.7 2.03 44.09 1.64 10.26 1.01 0.13 -0.51 0.09 0.56
46138 LSUMZ Mexico 20N m 4.88 0.69 113.0 2.05 44.50 1.65 13.13 1.12 -0.11 0.81 -0.60 0.94
46132 LSUMZ Mexico 20N m 4.60 0.66 114.8 2.06 48.95 1.69 11.05 1.04 0.62 -0.97 0.62 0.94
46133 LSUMZ Mexico 20N m 4.62 0.66 107.8 2.03 44.88 1.65 11.07 1.04 1.09 -0.46 -0.02 0.19
46134 LSUMZ Mexico 20N f 4.88 0.69 116.6 2.07 45.49 1.66 11.20 1.05 0.16 -0.49 -0.24 1.54
41080 LSUMZ Mexico 20N m 4.55 0.66 100.6 2.00 47.09 1.67 11.30 1.05 1.49 -0.36 0.82 -1.18
7455 LSUMZ Mexico 20N f 4.80 0.68 110.8 2.04 46.96 1.67 10.90 1.04 0.63 -0.72 0.41 0.58
14314 LSUMZ Mexico 15N f 5.18 0.71 109.2 2.04 44.37 1.65 10.24 1.01 0.46 -0.73 0.04 0.67
13481 LSUMZ Mexico 15N m 5.18 0.71 110.2 2.04 45.75 1.66 12.07 1.08 -0.16 0.31 0.04 0.59
11705 LSUMZ Mexico 20N m 4.85 0.69 110.6 2.04 47.80 1.68 12.52 1.10 0.09 0.26 0.36 0.39
17103 LSUMZ Mexico 20N m 5.38 0.73 111.0 2.05 41.35 1.62 11.63 1.07 -0.20 0.50 -0.98 1.12
11708 LSUMZ Mexico 20N m 4.47 0.65 115.5 2.06 49.05 1.69 11.13 1.05 0.75 -1.01 0.57 1.00
11706 LSUMZ Mexico 20N m 4.42 0.65 116.4 2.07 44.91 1.65 10.80 1.03 1.03 -0.94 -0.40 1.42
    Appendix  A continued
76
Catalog

















11707 LSUMZ Mexico 20N m 4.39 0.64 111.9 2.05 51.18 1.71 10.26 1.01 1.26 -1.70 1.31 0.37
15443 LSUMZ Mexico 20N f 4.85 0.69 105.5 2.02 45.75 1.66 10.92 1.04 0.90 -0.46 0.37 -0.17
15444 LSUMZ Mexico 20N f 5.16 0.71 110.1 2.04 44.83 1.65 10.72 1.03 0.29 -0.48 0.04 0.74
18651 LSUMZ Mexico 20N m 4.39 0.64 104.4 2.02 0.00 N/A 11.07 1.04 . . . .
11704 LSUMZ Mexico 20N m 4.37 0.64 113.2 2.05 52.86 1.72 11.91 1.08 0.71 -0.79 1.34 0.32
15442 LSUMZ Mexico 20N m 4.47 0.65 118.4 2.07 45.52 1.66 11.58 1.06 0.59 -0.49 -0.45 1.61
17104 LSUMZ Mexico 20N m 5.05 0.70 106.4 2.03 43.38 1.64 10.80 1.03 0.67 -0.27 -0.19 0.23
17105 LSUMZ Mexico 20N f 4.65 0.67 102.9 2.01 42.29 1.63 11.25 1.05 1.40 0.00 -0.44 -0.44
17106 LSUMZ Mexico 20N f 4.57 0.66 104.2 2.02 44.50 1.65 10.82 1.03 1.48 -0.54 0.09 -0.37
15441 LSUMZ Mexico 20N m 4.88 0.69 117.0 2.07 49.45 1.69 10.29 1.01 0.29 -1.41 0.80 1.38
17102 LSUMZ Mexico 20N m 4.83 0.68 107.6 2.03 45.42 1.66 10.74 1.03 0.87 -0.61 0.22 0.21
46135 LSUMZ Mexico 20N f 4.70 0.67 103.6 2.02 45.59 1.66 10.26 1.01 1.45 -0.93 0.52 -0.48
46136 LSUMZ Mexico 20N ? 4.70 0.67 115.1 2.06 0.00 N/A 10.13 1.01 . . . .
46137 LSUMZ Mexico 20N m 4.95 0.69 111.5 2.05 0.00 N/A 10.77 1.03 . . . .
14583 LSUMZ Mexico 20N m 4.80 0.68 110.0 2.04 47.29 1.67 11.35 1.06 0.55 -0.43 0.46 0.36
14584 LSUMZ Mexico 20N f 4.90 0.69 104.4 2.02 44.73 1.65 10.24 1.01 1.13 -0.80 0.31 -0.19
14585 LSUMZ Mexico 20N f 5.08 0.71 106.6 2.03 44.50 1.65 11.30 1.05 0.44 -0.02 0.00 0.16
46139 LSUMZ Mexico 20N ? 4.50 0.65 99.2 2.00 0.00 N/A 10.62 1.03 . . . .
27833 LSUMZ Mexico 20N m 4.50 0.65 93.0 1.97 42.01 1.62 11.13 1.05 2.31 0.11 -0.01 -2.18
46140 LSUMZ Mexico 15N m 4.83 0.68 106.5 2.03 40.72 1.61 11.33 1.05 0.94 0.19 -1.00 0.32
33252 LSUMZ Mexico 15N f 4.57 0.66 101.3 2.01 39.12 1.59 10.29 1.01 2.01 -0.37 -1.09 -0.37
24602 LSUMZ Mexico 15N m 4.47 0.65 113.6 2.06 43.46 1.64 10.46 1.02 1.25 -0.95 -0.56 1.14
24603 LSUMZ Mexico 15N m 4.78 0.68 113.0 2.05 42.21 1.63 10.49 1.02 0.84 -0.65 -0.81 1.27
24604 LSUMZ Mexico 15N f 4.67 0.67 104.5 2.02 39.27 1.59 10.49 1.02 1.59 -0.25 -1.20 0.14
46141 LSUMZ Mexico 15N f 4.88 0.69 112.2 2.05 50.06 1.70 12.01 1.08 0.03 -0.24 0.90 0.50
24605 LSUMZ Mexico 15N f 5.08 0.71 110.0 2.04 46.84 1.67 11.66 1.07 0.06 -0.06 0.36 0.46
24606 LSUMZ Mexico 15N m 4.55 0.66 110.8 2.04 39.24 1.59 11.33 1.05 1.17 0.08 -1.67 1.05
24607 LSUMZ Mexico 15N f 4.88 0.69 104.1 2.02 40.23 1.60 10.85 1.04 1.18 0.00 -0.92 0.02
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24608 LSUMZ Mexico 15N m 4.98 0.70 109.0 2.04 39.12 1.59 10.82 1.03 0.80 0.03 -1.46 0.93
24609 LSUMZ Mexico 15N m 4.85 0.69 112.4 2.05 39.83 1.60 10.90 1.04 0.72 -0.13 -1.46 1.37
24610 LSUMZ Mexico 15N f 5.36 0.73 101.1 2.00 37.67 1.58 10.46 1.02 0.89 0.29 -1.36 -0.05
33253 LSUMZ Mexico 15N m 4.98 0.70 114.0 2.06 44.93 1.65 11.28 1.05 0.16 -0.29 -0.24 1.22
33254 LSUMZ Mexico 15N f 5.26 0.72 103.2 2.01 44.63 1.65 10.90 1.04 0.50 -0.14 0.31 -0.32
22983 LSUMZ Mexico 20N 4.78 0.68 111.3 2.05 41.88 1.62 11.05 1.04 0.79 -0.22 -0.89 0.97
22982 LSUMZ Mexico 20N 4.93 0.69 106.7 2.03 35.89 1.55 11.05 1.04 1.06 0.52 -2.33 0.83
474601 USNM Panama 10N ? 5.87 0.77 108.3 2.03 50.06 1.70 12.42 1.09 -1.16 0.53 1.20 0.15
608214 USNM Panama 10N f 6.17 0.79 100.3 2.00 53.90 1.73 12.65 1.10 -1.22 0.70 2.41 -1.31
469006 USNM Panama 10N f 5.87 0.77 103.4 2.01 38.84 1.59 11.25 1.05 -0.17 0.86 -1.19 0.33
469005 USNM Panama 10N f 5.49 0.74 97.8 1.99 37.90 1.58 9.22 0.96 1.34 -0.50 -0.87 -0.51
474607 USNM Panama 10N f 5.59 0.75 102.0 2.01 45.54 1.66 12.45 1.10 -0.30 0.93 0.41 -0.63
474606 USNM Panama 10N f 6.27 0.80 98.6 1.99 42.75 1.63 11.48 1.06 -0.56 0.93 0.14 -0.72
461058 USNM Panama 10N f 5.64 0.75 102.5 2.01 48.51 1.69 11.51 1.06 -0.26 0.14 1.22 -0.64
449091 USNM Panama 10N f 6.12 0.79 99.2 2.00 42.42 1.63 10.67 1.03 -0.18 0.37 0.14 -0.59
449090 USNM Panama 10N f 5.84 0.77 94.0 1.97 38.89 1.59 11.71 1.07 0.32 1.37 -0.74 -1.35
533214 USNM Panama 10N f 6.17 0.79 99.3 2.00 43.28 1.64 9.80 0.99 0.00 -0.30 0.49 -0.53
458933 USNM Panama 10N f 5.51 0.74 99.9 2.00 46.00 1.66 9.80 0.99 0.67 -0.82 1.02 -0.80
458934 USNM Panama 10N f 5.56 0.75 100.1 2.00 43.84 1.64 11.89 1.08 0.06 0.76 0.17 -0.79
533216 USNM Panama 10N f 5.89 0.77 101.1 2.00 45.44 1.66 9.78 0.99 0.15 -0.65 0.88 -0.45
455830 USNM Panama 10N f 5.72 0.76 98.7 1.99 45.39 1.66 10.39 1.02 0.32 -0.22 0.88 -0.98
533215 USNM Panama 10N f 6.45 0.81 102.6 2.01 40.03 1.60 10.54 1.02 -0.64 0.55 -0.62 0.29
455832 USNM Panama 10N f 5.97 0.78 102.6 2.01 40.72 1.61 10.39 1.02 -0.07 0.19 -0.47 0.11
455829 USNM Panama 10N f 7.44 0.87 97.8 1.99 42.65 1.63 11.58 1.06 -1.76 1.45 0.30 -0.59
449089 USNM Panama 10N f 5.36 0.73 108.5 2.04 43.66 1.64 9.96 1.00 0.38 -0.78 -0.03 0.72
474608 USNM Panama 10N f 6.02 0.78 104.1 2.02 40.64 1.61 10.46 1.02 -0.24 0.24 -0.56 0.36
474605 USNM Panama 10N f 5.97 0.78 105.4 2.02 43.82 1.64 11.38 1.06 -0.64 0.50 0.04 0.26
474604 USNM Panama 10N f 5.92 0.77 102.1 2.01 43.41 1.64 10.62 1.03 -0.14 0.09 0.22 -0.21
    Appendix  A continued
78
Catalog

















474603 USNM Panama 10N f 6.38 0.80 102.8 2.01 47.12 1.67 11.99 1.08 -1.23 0.83 0.92 -0.34
474602 USNM Panama 10N f 5.97 0.78 109.5 2.04 42.57 1.63 11.79 1.07 -0.94 0.76 -0.53 0.95
445351 USNM Panama 10N f 5.92 0.77 102.9 2.01 47.19 1.67 10.77 1.03 -0.36 -0.13 1.06 -0.38
445347 USNM Panama 10N f 6.07 0.78 101.4 2.01 41.07 1.61 10.77 1.03 -0.23 0.48 -0.38 -0.11
470242 USNM Panama 10N f 5.54 0.74 99.5 2.00 43.64 1.64 10.80 1.03 0.44 0.09 0.31 -0.78
461059 USNM Panama 10N f 6.22 0.79 101.3 2.01 44.32 1.65 11.89 1.08 -0.85 0.96 0.33 -0.41
461060 USNM Panama 10N f 5.97 0.78 101.5 2.01 44.53 1.65 11.53 1.06 -0.47 0.63 0.40 -0.47
461057 USNM Panama 10N f 6.10 0.79 99.9 2.00 44.25 1.65 10.74 1.03 -0.29 0.23 0.53 -0.58
461061 USNM Panama 10N f 6.07 0.78 99.4 2.00 41.02 1.61 10.80 1.03 -0.13 0.54 -0.28 -0.42
232523 USNM Panama 10N f 6.76 0.83 101.0 2.00 44.86 1.65 15.21 1.18 -2.22 2.90 0.13 -0.60
409838 USNM Panama 10N f 5.69 0.76 101.2 2.01 46.56 1.67 9.88 0.99 0.32 -0.74 1.10 -0.59
386411 USNM Panama 10N f 6.48 0.81 98.5 1.99 44.55 1.65 10.44 1.02 -0.55 0.19 0.78 -0.72
474609 USNM Panama 10N f 6.17 0.79 96.0 1.98 44.91 1.65 10.21 1.01 0.03 -0.06 0.99 -1.27
445345 USNM Panama 10N f 6.17 0.79 100.7 2.00 44.78 1.65 10.36 1.02 -0.32 -0.05 0.69 -0.46
445344 USNM Panama 10N f 6.07 0.78 103.4 2.01 45.09 1.65 9.63 0.98 -0.14 -0.70 0.75 -0.01
207219 USNM Panama 10N f 5.97 0.78 99.2 2.00 44.55 1.65 10.06 1.00 0.12 -0.30 0.75 -0.74
207221 USNM Panama 10N f 5.26 0.72 94.9 1.98 41.02 1.61 9.88 0.99 1.48 -0.32 -0.02 -1.40
409840 USNM Panama 10N f 5.87 0.77 97.5 1.99 37.29 1.57 11.07 1.04 0.32 1.03 -1.28 -0.54
484748 USNM Panama 10N f 6.27 0.80 97.1 1.99 39.65 1.60 9.93 1.00 0.12 0.21 -0.36 -0.62
456923 USNM Panama 10N f 5.49 0.74 97.3 1.99 35.79 1.55 10.18 1.01 1.14 0.43 -1.64 -0.48
40251 USNM Panama 10N f 5.61 0.75 97.8 1.99 45.90 1.66 9.32 0.97 0.84 -1.06 1.22 -1.11
608216 USNM Panama 10N f 6.40 0.81 100.0 2.00 39.07 1.59 9.98 1.00 -0.21 0.27 -0.65 -0.04
607001 USNM Panama 10N f 6.02 0.78 99.1 2.00 46.96 1.67 10.21 1.01 -0.08 -0.36 1.31 -0.91
469007 USNM Panama 10N m 5.61 0.75 112.6 2.05 48.31 1.68 11.20 1.05 -0.70 -0.28 0.74 0.95
469002 USNM Panama 10N m 5.84 0.77 107.8 2.03 44.73 1.65 11.51 1.06 -0.71 0.40 0.11 0.54
207223 USNM Panama 10N m 5.38 0.73 113.2 2.05 46.84 1.67 11.07 1.04 -0.37 -0.37 0.36 1.11
455831 USNM Panama 10N m 5.92 0.77 101.8 2.01 37.13 1.57 9.83 0.99 0.36 0.12 -1.35 0.33
471523 USNM Panama 10N m 5.72 0.76 97.6 1.99 39.29 1.59 12.12 1.08 0.13 1.43 -0.91 -0.83
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471522 USNM Panama 10N m 6.20 0.79 100.9 2.00 44.58 1.65 9.65 0.98 -0.14 -0.54 0.76 -0.33
484744 USNM Panama 10N m 6.53 0.81 109.8 2.04 49.86 1.70 10.64 1.03 -1.52 -0.33 1.45 0.70
458932 USNM Panama 10N m 5.99 0.78 103.0 2.01 44.88 1.65 9.55 0.98 -0.01 -0.77 0.72 -0.05
471524 USNM Panama 10N m 5.64 0.75 108.8 2.04 47.09 1.67 9.78 0.99 -0.06 -1.07 0.86 0.61
449092 USNM Panama 10N m 5.84 0.77 111.4 2.05 47.14 1.67 10.29 1.01 -0.63 -0.67 0.69 1.02
532213 USNM Panama 10N m 7.04 0.85 107.1 2.03 46.51 1.67 9.53 0.98 -1.43 -0.62 1.04 0.76
458935 USNM Panama 10N m 6.53 0.81 98.7 1.99 40.82 1.61 11.13 1.05 -0.68 0.97 -0.27 -0.47
471525 USNM Panama 10N m 6.12 0.79 108.6 2.04 40.39 1.61 11.48 1.06 -0.91 0.85 -1.01 1.07
608215 USNM Panama 10N m 6.71 0.83 106.0 2.03 45.57 1.66 10.03 1.00 -1.17 -0.28 0.77 0.51
608217 USNM Panama 10N m 6.38 0.80 102.6 2.01 45.85 1.66 11.61 1.06 -1.07 0.71 0.69 -0.26
207222 USNM Panama 10N m 5.84 0.77 105.6 2.02 44.09 1.64 10.16 1.01 -0.14 -0.38 0.27 0.31
486453 USNM Panama 10N m 5.84 0.77 82.2 1.91 0.00 N/A 10.52 1.02 . . . .
409839 USNM Panama 10N m 5.87 0.77 103.7 2.02 40.77 1.61 10.82 1.03 -0.13 0.40 -0.61 0.24
433849 USNM Panama 10N m 6.22 0.79 101.2 2.01 50.24 1.70 9.80 0.99 -0.41 -0.87 2.03 -0.69
433848 USNM Panama 10N m 5.77 0.76 110.0 2.04 50.09 1.70 10.29 1.01 -0.54 -0.90 1.43 0.56
229167 USNM Panama 10N m 6.07 0.78 106.0 2.03 48.34 1.68 9.53 0.98 -0.37 -1.10 1.39 0.20
229166 USNM Panama 10N m 6.12 0.79 106.0 2.03 48.79 1.69 10.46 1.02 -0.75 -0.43 1.34 0.11
470245 USNM Panama 10N m 6.58 0.82 98.1 1.99 35.28 1.55 9.91 1.00 -0.11 0.70 -1.62 0.04
469004 USNM Panama 10N m 5.72 0.76 107.7 2.03 46.38 1.67 10.90 1.04 -0.41 -0.17 0.57 0.40
445354 USNM Panama 10N m 6.10 0.79 102.8 2.01 41.88 1.62 11.66 1.07 -0.64 0.96 -0.35 -0.01
445355 USNM Panama 10N m 5.87 0.77 105.2 2.02 44.30 1.65 10.69 1.03 -0.31 -0.02 0.24 0.22
445346 USNM Panama 10N m 5.94 0.77 106.6 2.03 37.31 1.57 10.39 1.02 -0.14 0.40 -1.62 1.05
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Colorimetry Data and Principal components, Belly Plumage
Origin Specimen Subspecies Region Latitude L a b Factor 1 Factor 2 Factor3
Belize 20710 fulvipennis N 20N 82.67 -1.51 13.31 -0.495 0.151 -0.725
Belize 21229 serripennis N 15N 79.06 -0.64 4.55 -1.422 -0.392 -0.783
Belize 21949 serripennis N 20N 81.81 -0.99 13.11 -0.431 0.09 0.34
Belize 31159 serripennis N 15N 71.05 -0.62 12.52 -0.267 -2.276 -0.301
Belize 31160 serripennis N 15N 73.51 0.217 0.12 -0.877 -1.461 0.957
Belize 31161 serripennis N 15N 83.76 -0.76 10.44 -0.772 0.614 0.636
Bolivia 102794 ruficollis S 15S 83.84 -2.52 30.25 1.493 0.045 0.201
Bolivia 102795 ruficollis S 15S 86.76 -2.38 29.3 1.342 0.757 0.731
Bolivia 102796 ruficollis S 15S 81.46 -2.72 23.01 0.585 -0.504 -1.913
Bolivia 133671 ruficollis S 15S 87.48 -3.11 31.42 1.495 0.718 -0.487
Bolivia 133672 ruficollis S 15S 84.87 -2.66 29.06 1.304 0.252 -0.212
Bolivia 133673 ruficollis S 15S 84.2 -2.63 27.48 1.119 0.117 -0.521
Bolivia 137642 ruficollis S 15S 85.58 -3.33 32.34 1.613 0.22 -1.077
Bolivia 137643 ruficollis S 15S 88.19 -3.17 33.18 1.697 0.854 -0.21
Bolivia 137644 ruficollis S 15S 87.6 -3.24 35.06 1.937 0.688 -0.102
Bolivia 137645 ruficollis S 15S 85.98 -2.91 25.09 0.744 0.468 -1.385
Brazil 32296 ruficollis S 15S 80.97 -2.7 33.38 1.915 -0.68 -0.012
Brazil 34825 ruficollis S 15S 79.9 -0.33 11.15 -0.553 -0.164 1.27
Brazil 63018 ruficollis S 25S 82.08 -0.74 10.61 -0.718 0.233 0.496
Brazil 65229 ruficollis S 25S 77.74 -0.38 12.53 -0.347 -0.681 1.128
Brazil 65230 ruficollis S 25S 80.94 -3.23 41.67 2.894 -0.88 0.28
Brazil 67556 ruficollis S 05S 85.87 -3.03 35.37 2.036 0.344 0.221
Brazil 67557 ruficollis S 05S 79.66 -0.5 11.58 -0.518 -0.265 0.922
Brazil 68057 ruficollis S 25S 82.99 -2.83 27.85 1.159 -0.214 -1.076
Colombia 30140 ruficollis S 05N 84.22 -1.68 27.33 1.236 0.369 1.671
Colombia 30141 ruficollis S 05N 78.28 -1.42 20.85 0.552 -0.882 0.309
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Colombia 32581 ruficollis S 05N 81.39 -2.34 25.82 0.998 -0.441 -0.515
Colombia 46143 ruficollis S 0 80.56 -1.89 24.98 0.971 -0.509 0.272
Colombia 46144 ruficollis S 05N 79.27 -1.65 20.96 0.516 -0.715 -0.079
Colombia 46145 ruficollis S 05N 83.17 -2.81 23.08 0.552 -0.136 -1.888
Costa Rica 30670 decolor C 10N 82.2 -2 24.13 0.818 -0.156 0.071
Costa Rica 35013 ruficollis C 10N 86.63 -2.34 24.4 0.727 0.77 -0.098
Costa Rica 53106 serripennis C 10N 82.39 -1.84 12.25 -0.673 0.008 -1.728
Costa Rica 53107 serripennis C 10N 85.9 -0.83 10.68 -0.788 1.085 0.794
Costa Rica 53109 ruficollis C 10N 82.77 -2 15.24 -0.322 0.034 -1.499
Costa Rica 53116 serripennis C 10N 82.81 -1.14 9.91 -0.877 0.302 -0.472
Costa Rica 53117 serripennis C 10N 81.96 -1.01 9.45 -0.902 0.144 -0.364
Ecuador 77677 ruficollis S 0 81.71 -2.39 28.79 1.363 -0.4 -0.042
Guatemala 66239 serripennis C 15N 79.3 -0.78 10.58 -0.68 -0.414 0.037
Guatemala 66241 serripennis C 15N 75.84 0.27 10.13 -0.526 -0.932 1.955
Guatemala 66243 serripennis C 15N 81.4 -0.38 10.15 -0.713 0.174 1.163
Honduras 29788 serripennis C 15N 84.92 -0.87 8.11 -1.104 0.867 0.099
Idaho 14703 serripennis N 45N 81.77 -0.81 8.78 -0.956 0.156 -0.046
Louisiana 2990 serripennis N 30N 81 -0.82 7.6 -1.094 -0.015 -0.387
Louisiana 2991 serripennis N 30N 78.81 -0.76 6.07 -1.242 -0.491 -0.814
Louisiana 8111 serripennis N 30N 82.36 -1.69 11.9 -0.695 0.043 -1.446
Louisiana 8732 serripennis N 30N 73.08 -0.59 7.1 -0.987 -1.767 -0.97
Louisiana 8899 serripennis N 30N 81.11 -1.12 6.29 -1.305 -0.059 -1.315
Louisiana 9313 serripennis N 30N 82.78 -0.24 7.61 -1.04 0.543 1.199
Louisiana 13235 serripennis N 30N 82.67 -1.12 11.33 -0.691 0.265 -0.181
Louisiana 76127 serripennis N 30N 75.25 -0.59 10.66 -0.572 -1.293 -0.03
Louisiana 121703 serripennis N 30N 83.68 -0.57 5.91 -1.319 0.675 0.231
Louisiana 152625 serripennis N 30N 82.4 -0.37 6.14 -1.239 0.432 0.575
Louisiana 152626 serripennis N 30N 85.68 -0.94 8.03 -1.137 1.024 0.019
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Louisiana 152627 serripennis N 30N 89 -0.71 5.71 -1.457 1.86 0.557
Louisiana 152628 serripennis N 30N 88.27 -0.53 4.79 -1.535 1.745 0.713
Louisiana 152629 serripennis N 30N 85.11 -0.68 6.57 -1.276 0.97 0.282
Louisiana 152630 serripennis N 30N 87.01 -1.59 11.25 -0.844 1.139 -0.73
Mexico 7455 serripennis N 20N 82.91 -1.04 13.28 -0.436 0.328 0.397
Mexico 11704 serripennis N 20N 82.8 -0.96 9.94 -0.847 0.346 -0.048
Mexico 11706 serripennis N 20N 82.25 -1 9.11 -0.949 0.215 -0.366
Mexico 11707 serripennis N 20N 79.04 -0.95 11.43 -0.591 -0.523 -0.237
Mexico 11708 serripennis N 20N 75.2 -0.78 15.14 -0.029 -1.384 0.348
Mexico 13481 serripennis N 15N 82.07 -1.17 12.73 -0.51 0.106 -0.117
Mexico 14583 fulvipennis N 20N 83.65 -0.94 9.71 -0.888 0.547 0.066
Mexico 14584 fulvipennis N 20N 85.12 -0.79 14.88 -0.235 0.889 1.563
Mexico 14585 fulvipennis N 20N 83.94 -0.98 10.38 -0.814 0.599 0.135
Mexico 15442 serripennis N 20N 83.74 -0.29 11.72 -0.541 0.723 1.967
Mexico 17103 serripennis N 20N 82.69 -1.03 5.84 -1.377 0.33 -0.983
Mexico 24602 serripennis N 15N 84.79 -0.97 12.73 -0.529 0.781 0.703
Mexico 24603 serripennis N 15N 86.42 -1.2 13.65 -0.473 1.089 0.547
Mexico 24604 serripennis N 15N 88.1 -1.01 13.7 -0.468 1.523 1.218
Mexico 24605 serripennis N 15N 83.73 -1.09 13.08 -0.483 0.504 0.35
Mexico 24606 serripennis N 15N 81.25 -1.21 18.4 0.219 -0.13 0.732
Mexico 24607 serripennis N 15N 79.85 -0.62 13.81 -0.255 -0.268 1.078
Mexico 24608 serripennis N 15N 79.27 -1.04 15.3 -0.116 -0.52 0.299
Mexico 24609 serripennis N 15N 79.01 -1.08 13.43 -0.355 -0.577 -0.174
Mexico 24610 serripennis N 15N 83.3 -1.06 12.46 -0.55 0.418 0.249
Mexico 33252 serripennis N 15N 84.72 -0.93 14.33 -0.318 0.764 1.083
Mexico 33253 serripennis N 15N 77.46 -0.72 10.31 -0.673 -0.818 -0.112
Mexico 46141 stuarti N 15N 64.96 -0.46 10.6 -0.383 -3.617 -1.072
Mississippi 5665 serripennis N 30N 80.37 -0.59 7.21 -1.099 -0.097 -0.004
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Mississippi 8116 serripennis N 30N 80.4 -0.51 10.29 -0.697 -0.09 0.756
Mississippi 8117 serripennis N 30N 73.38 -0.14 10.57 -0.486 -1.605 0.761
Mississippi 8118 serripennis N 30N 75.54 -0.41 7.86 -0.907 -1.162 -0.09
Mississippi 8119 serripennis N 30N 77.53 -0.75 4.69 -1.393 -0.773 -1.212
Mississippi 8121 serripennis N 30N 78.1 -0.47 4.99 -1.325 -0.571 -0.429
Mississippi 8125 serripennis N 30N 83.54 -0.79 7.67 -1.124 0.575 0.025
Panama 607001 ruficollis C 10N 80.92 -1.21 16.91 0.036 -0.196 0.413
Panama 608215 ruficollis C 10N 85.28 -2.45 21.51 0.367 0.451 -1.064
Panama 608216 ruficollis C 10N 85.56 -1.53 19.29 0.212 0.768 0.708
Panama 608217 ruficollis C 10N 83 -1.05 20.87 0.526 0.296 1.789
Panama DLD5090 decolor C 10N 83.37 -2.83 24.93 0.781 -0.108 -1.567
Panama DLD5091 decolor C 10N 88.14 -2.9 22.31 0.355 0.985 -1.596
Peru 28519 ruficollis S 10S 81.98 -2.34 25.06 0.892 -0.3 -0.579
Peru 28522 ruficollis S 10S 85.96 -1.43 27.57 1.272 0.831 2.524
Peru 28523 ruficollis S 10S 89.36 -2.52 22.11 0.363 1.364 -0.588
Peru 31414 ruficollis S 10S 88.37 -3.48 22.87 0.339 0.883 -2.816
Peru 35271 ruficollis S 10S 85.73 -2.14 18.38 0.006 0.655 -0.861
Peru 52313 ruficollis S 10S 86.58 -2.67 28.47 1.198 0.646 -0.123
Peru 52316 ruficollis S 10S 88.75 -2.29 26.22 0.929 1.256 0.63
Peru 62414 ruficollis S 10S 80.42 -2.48 24.41 0.816 -0.69 -1.228
Peru 64423 ruficollis S 10S 85.65 -2.59 34.7 2.018 0.412 1.095
Peru 64424 ruficollis S 10S 87.59 -3.23 31.39 1.472 0.713 -0.759
Peru 72684 ruficollis S 10S 84.9 -2.87 31.82 1.625 0.187 -0.188
Peru 72686 ruficollis S 10S 80.12 -0.87 26.18 1.277 -0.353 2.817
Peru 85255 ruficollis S 05S 84.37 -2.09 26.14 1.023 0.305 0.514
Peru 99220 ruficollis S 05S 84.1 -2.73 24.88 0.776 0.086 -1.248
Peru 116087 ruficollis S 05S 85.6 -2.33 27.11 1.091 0.518 0.292
Peru 116089 ruficollis S 05S 86.85 -2.08 26.84 1.071 0.871 0.988
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Peru 116090 ruficollis S 05S 81.71 -2.67 23.75 0.682 -0.439 -1.627
Peru 120245 ruficollis S 05S 84.93 -2.96 23.24 0.52 0.227 -1.98
Peru 120246 ruficollis S 05S 86.64 -2.8 25.81 0.84 0.643 -0.91
Peru 120247 ruficollis S 05S 84.38 -1.64 22.99 0.687 0.445 0.983
Louisiana 121702 serripennis N 30N 84.81 -0.62 5.33 -1.42 0.925 0.154
Peru 156784 ruficollis S 10S 84.31 -2.91 30.5 1.461 0.05 -0.602
Peru 156785 ruficollis S 10S 82.47 -1.95 28.65 1.395 -0.111 1.058
Peru DFL111 ruficollis S 05S 84.26 -2.68 18.8 0.007 0.176 -2.234
Tennessee 166319 serripennis N 20N 70.88 -0.39 11.92 -0.307 -2.251 0.103
Texas 19510 serripennis N 35N 86.91 -0.93 9.99 -0.908 1.295 0.564
Texas 130651 serripennis N 30N 55.54 1.29 14.51 0.529 -5.349 2.513
Yucatan 148896 ridgwayi Y 20N 68.33 -0.51 10.9 -0.41 -2.86 -0.696
Yucatan 148897 ridgwayi Y 20N 72.22 -0.15 11.19 -0.389 -1.877 0.702
Yucatan JJK038 ridgwayi Y 20N 78.6 -0.55 6.2 -1.191 -0.486 -0.327
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Appendix F
Colorimetry Data and Principal Components, Chin Plumage
Origin Specimen Subspecies Region Latitude L a b Factor 1 Factor 2 Factor3
Belize 20710 serripennis N 20N 57.76 1.51 11.53 -1.209 0.068 -0.1
Belize 21949 serripennis N 20N 59.41 1.47 10.8 -1.19 0.506 0.511
Belize 31159 serripennis N 15N 54.58 1.94 13.39 -1.146 -0.75 -0.956
Bolivia 102794 ruficollis S 15S 52.21 8.56 26.85 1.063 -0.839 2.253
Bolivia 102795 ruficollis S 15S 56.02 7.94 30.95 1.55 0.202 0.076
Bolivia 133671 ruficollis S 10S 54.99 6.07 25.05 0.638 -0.257 -0.154
Bolivia 133673 ruficollis S 10S 50.31 8.07 25.97 0.793 -1.395 1.555
Bolivia 137643 ruficollis S 15S 55.59 7.14 29.42 1.252 0.019 -0.498
Bolivia 137644 ruficollis S 15S 59.52 6.43 29.19 1.333 1.041 -0.708
Bolivia 137645 ruficollis S 15S 59.31 6.16 28.21 1.186 0.957 -0.692
Bolivia 137646 ruficollis S 15S 54.91 4.64 23.19 0.223 -0.387 -1.465
Brazil 32296 ruficollis S 15S 54.33 6.35 27.22 0.847 -0.396 -0.896
Brazil 34825 ruficollis S 15S 64.77 5.56 24.72 1.074 2.366 1.131
Brazil 63014 ruficollis S 25S 49.5 6.67 25.44 0.464 -1.708 -0.493
Brazil 63015 ruficollis S 25S 47.7 8.88 28.27 0.992 -2.03 1.181
Brazil 63016 ruficollis S 25S 53.14 6.88 27.32 0.877 -0.685 -0.365
Brazil 63017 ruficollis S 25S 55.89 6.44 28.66 1.082 0.049 -1.146
Brazil 63018 ruficollis S 25S 53.94 6.23 28.13 0.888 -0.499 -1.593
Brazil 65229 ruficollis S 25S 51.11 8.13 23.73 0.643 -1.198 2.879
Brazil 65230 ruficollis S 25S 57.66 3.84 19.31 -0.111 0.269 -0.29
Brazil 67556 ruficollis S 5S 50.1 8.22 26.71 0.874 -1.435 1.388
Brazil 67557 ruficollis S 5S 50.24 7.57 27.1 0.809 -1.433 0.232
Brazil 67558 ruficollis S 0 55.6 5.2 23.3 0.366 -0.164 -0.526
Brazil 67559 ruficollis S 0 56.06 6.17 27.45 0.935 0.066 -0.945
Brazil 67560 ruficollis S 0 57.47 5.55 25.91 0.77 0.394 -0.88
Brazil 68057 ruficollis S 25S 63.37 6.22 28.04 1.41 2.062 0.274
Brazil 71801 ruficollis S 5S 54.9 7.29 27.16 1.03 -0.183 0.683
Brazil 71802 ruficollis S 5S 55.13 5.73 26.16 0.691 -0.228 -1.18
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Colombia 30140 ruficollis S 5N 56.34 6.29 25.9 0.829 0.133 0.038
Colombia 30141 ruficollis S 5N 58.25 4.9 23.03 0.441 0.535 -0.339
Colombia 46144 ruficollis S 5N 54.9 7.81 28.04 1.198 -0.142 1.057
Colombia 38808 ruficollis S 0 54.08 7.55 30.13 1.3 -0.358 -0.505
Colombia 46145 ruficollis S 5N 54.94 7.31 24.4 0.783 -0.201 2.048
Costa Rica 30670 decolor C 10N 54.96 6.2 25.1 0.662 -0.257 0.016
Costa Rica 31029 ruficollis C 10N 56.39 5.7 23.08 0.474 0.079 0.499
Costa Rica 31049 ruficollis C 10N 57.98 4.84 24.7 0.569 0.476 -1.286
Costa Rica 32555 ruficollis C 10N 58.55 4.94 23.1 0.471 0.619 -0.253
Costa Rica 35013 ruficollis C 10N 56.49 4.72 23.49 0.353 0.05 -1.179
Costa Rica 53109 ruficollis C 10N 62.13 3.41 17.61 -0.087 1.439 0.74
Ecuador 77677 ruficollis S 0 54.2 7.37 26.63 0.956 -0.374 0.924
Guatemala 66239 serripennis C 15N 54 4.17 20.39 -0.163 -0.694 -1.017
Guatemala 66241 serripennis C 15N 59.81 3.9 19.24 0.014 0.856 0.255
Guatemala 66243 serripennis C 15N 61.37 1.03 8.78 -1.338 0.989 1.19
Honduras 29788 serripennis C 15N 59.46 1.85 11.52 -1.057 0.551 0.757
Idaho 14703 serripennis N 45N 63.33 1.54 11.16 -0.924 1.579 1.21
Louisiana 1601 serripennis N 30N 54.56 1.2 9.66 -1.613 -0.842 -0.301
Louisiana 2991 serripennis N 30N 52.14 2.49 13.18 -1.211 -1.381 -0.488
Louisiana 8111 serripennis N 30N 56.41 1.53 10.47 -1.379 -0.31 0.176
Louisiana 8732 serripennis N 30N 62.16 1.58 12.83 -0.83 1.282 0.24
Louisiana 8899 serripennis N 30N 55.32 2.68 14.49 -0.88 -0.491 -0.207
Louisiana 9313 serripennis N 30N 60.73 1.38 10.57 -1.152 0.856 0.741
Louisiana 76127 serripennis N 30N 57.55 1.67 12.61 -1.095 0.032 -0.415
Louisiana 121703 serripennis N 30N 55.1 1.38 9.92 -1.529 -0.681 -0.045
Louisiana 152627 serripennis N 30N 55.95 1.35 9.54 -1.521 -0.456 0.258
Louisiana 152629 serripennis N 30N 56.42 1.59 8.43 -1.556 -0.325 1.25
Mexico 7455 serripennis N 20N 68.53 1.38 12.97 -0.491 3.002 1.109
Mexico 11704 serripennis N 20N 63.95 0.99 10.2 -1.069 1.703 0.95
Mexico 11707 serripennis N 20N 57.38 1.25 10.13 -1.403 -0.067 0.1
Mexico 13481 serripennis N 15N 61.24 1.29 14.55 -0.773 1.032 -1.21
Mexico 14583 serripennis N 20N 59.57 1.06 9.91 -1.331 0.514 0.342
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Mexico 14585 serripennis N 20N 61.05 1.28 11.91 -1.027 0.952 0.006
Mexico 24602 serripennis N 15N 61.93 2.3 17.36 -0.307 1.313 -0.879
Mexico 24603 serripennis N 15N 61.51 1.51 13.05 -0.858 1.103 -0.099
Mexico 24604 serripennis N 15N 52.65 1.52 12.3 -1.425 -1.312 -1.452
Mexico 24605 serripennis N 15N 58.33 1.65 13.47 -0.976 0.252 -0.707
Mexico 24606 serripennis N 15N 56.23 2.37 14.61 -0.869 -0.262 -0.562
Mexico 24607 serripennis N 15N 53.23 0.81 6.17 -2.074 -1.265 0.52
Mexico 24608 serripennis N 15N 57.58 2.1 14.44 -0.854 0.087 -0.63
Mexico 24609 serripennis N 15N 63.08 1.49 12.78 -0.798 1.526 0.306
Mexico 24610 serripennis N 15N 59.12 1.65 11.72 -1.092 0.448 0.288
Mexico 33252 serripennis N 15N 60.57 1.16 10.36 -1.217 0.797 0.474
Mexico 33253 serripennis N 15N 62.69 0.7 10.23 -1.186 1.343 0.245
Mexico 46141 serripennis N 15N 54.33 1.95 13.73 -1.127 -0.814 -1.153
Mississippi 5665 serripennis N 30N 57.26 1.89 12.15 -1.117 -0.038 0.086
Mississippi 8116 serripennis N 30N 58.29 1.63 10.94 -1.213 0.213 0.47
Mississippi 8117 serripennis N 30N 58.11 1.59 11.42 -1.186 0.166 0.143
Mississippi 8118 serripennis N 30N 55.08 1.33 7.85 -1.728 -0.712 0.87
Mississippi 8125 serripennis N 30N 66.4 0.97 8.94 -1.05 2.354 2.002
Mississippi 13480 serripennis N 30N 53.2 1.62 12.17 -1.389 -1.158 -1.129
Panama 607001 ruficollis C 10N 55.88 6.53 24.58 0.722 0.008 0.95
Peru 28519 ruficollis S 10S 53.3 7.44 28.01 1.043 -0.6 0.193
Peru 28520 ruficollis S 10S 54.48 3.66 18.9 -0.358 -0.611 -0.989
Peru 28522 ruficollis S 10S 55.24 5.33 24.14 0.445 -0.245 -0.801
Peru 28523 ruficollis S 10S 56.79 7.86 26.66 1.187 0.36 2.165
Peru 31414 ruficollis S 10S 56.97 5.55 23.6 0.53 0.233 0.133
Peru 34350 ruficollis S 10S 64.1 4.34 26.76 1.019 2.13 -1.848
Peru 34351 ruficollis S 10S 58.86 4 21.22 0.158 0.625 -0.729
Peru 35271 ruficollis S 10S 56.91 7.59 28.19 1.289 0.393 1.04
Peru 52313 ruficollis S 10S 43.35 7.46 24.19 0.135 -3.344 0.118
Peru 52314 ruficollis S 10S 54.77 6.96 26.36 0.895 -0.248 0.537
Peru 52316 ruficollis S 10S 57.54 5.26 26.65 0.793 0.403 -1.666
Peru 62414 ruficollis S 10S 48.99 7.25 24.66 0.461 -1.819 0.671
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Origin Specimen Subspecies Region Latitude L a b Factor 1 Factor 2 Factor3
Peru 64423 ruficollis S 10S 54.69 7.7 29.85 1.334 -0.186 -0.022
Peru 64424 ruficollis S 10S 53.25 7.65 27.79 1.055 -0.603 0.61
Peru 69506 ruficollis S 10S 54.76 6.95 25.2 0.786 -0.264 1.077
Peru 72684 ruficollis S 10S 47.97 6.55 25.22 0.338 -2.134 -0.869
Peru 72685 ruficollis S 10S 57.8 6.83 26.26 1.035 0.567 0.977
Peru 78887 ruficollis S 10S 60.73 4.35 26.18 0.777 1.209 -2.211
Peru 78888 ruficollis S 10S 57.78 5.83 27.57 0.986 0.513 -1.188
Peru 85255 ruficollis S 5S 56.48 5.34 23.8 0.485 0.089 -0.38
Peru 99220 ruficollis S 5S 49.9 7.03 22.93 0.317 -1.604 1.343
Peru 110813 ruficollis S 5S 54.29 4.85 20.49 -0.024 -0.572 0.033
Peru 116090 ruficollis S 5S 51.76 6.36 24.28 0.434 -1.125 0.031
Peru 120245 ruficollis S 5S 52.11 7.85 26.19 0.878 -0.917 1.463
Peru 120247 ruficollis S 5S 60.57 6.15 28.9 1.319 1.306 -0.793
Peru 120248 ruficollis S 5S 56.15 7.33 27.05 1.098 0.158 1.041
Peru 120249 ruficollis S 5S 59.34 4.44 22.1 0.34 0.792 -0.384
Peru 120250 ruficollis S 5S 57.47 5.57 26.24 0.803 0.399 -1.007
Peru 120251 ruficollis S 5S 59.63 4.22 23.09 0.41 0.868 -1.14
Peru 120252 ruficollis S 5S 49.92 6.76 24.67 0.432 -1.597 0.097
Peru 120253 ruficollis S 5S 55.98 6.55 25.94 0.856 0.051 0.347
Peru 120254 ruficollis S 5S 57.79 4.64 23.38 0.403 0.397 -0.995
Peru 120255 ruficollis S 5S 56.58 4.99 24.45 0.492 0.102 -1.209
Louisiana 121702 serripennis N 30N 59.37 1.54 11.06 -1.157 0.502 0.485
Peru 156784 ruficollis S 10S 55.11 7.26 26.71 0.996 -0.133 0.895
Peru DFL111 ruficollis S 5S 55.56 6.16 26.59 0.826 -0.08 -0.645
Tabasco 166319 serripennis N 20N 56.01 1.78 11.52 -1.264 -0.391 -0.023
Tennessee 19510 serripennis N 35N 53.43 1.15 7.72 -1.863 -1.173 0.335
Yucatan 148896 ridgwayi Y 20N 53.29 1.56 13.23 -1.297 -1.126 -1.712
Yucatan 148897 serripennis Y 20N 54.7 1.42 15.38 -1.044 -0.728 -2.685
Yucatan JJK038 serripennis Y 20N 56.86 2.25 9.11 -1.358 -0.157 2.02
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Appendix G
Colorimetry Data and Principal Components, Undertail Coverts
Origin Specimen Subspecies Region Latitude L a b Factor 1 Factor 2 Factor3
Belize 20710 serripennis C 20N 85.47 -0.19 8.41 1.382 0.286 0.518
Belize 21229 serripennis C 15N 54.01 1.07 7.33 0.336 0.109 -0.508
Belize 21949 serripennis C 20N 87.21 0.01 7.54 1.4 -0.062 1.243
Belize 31158 serripennis C 20N 20.98 2.56 4.06 -0.651 -0.93 -0.974
Belize 31159 serripennis C 15N 21.86 2.73 4.17 -0.722 -0.879 -0.535
Belize 31160 serripennis C 15N 19.72 2.44 3.37 -0.56 -1.211 -1.284
Belize 31161 serripennis C 15N 26.17 3.92 7.53 -1.476 0.539 1.997
Bolivia 102794 ruficollis S 15S 29.43 2.64 5.65 -0.673 -0.328 -0.004
Bolivia 102795 ruficollis S 15S 22.84 2.9 4.23 -0.786 -0.849 -0.077
Bolivia 133671 ruficollis S 10S 23.12 2.7 4.76 -0.737 -0.649 -0.52
Bolivia 133672 ruficollis S 10S 22.52 2.53 5.19 -0.709 -0.484 -0.994
Bolivia 133673 ruficollis S 10S 23.4 2.17 4.53 -0.473 -0.78 -1.545
Bolivia 137641 ruficollis S 15S 58.16 1.94 9.39 -0.163 0.979 1.512
Bolivia 137642 ruficollis S 15S 27.85 2.63 6.76 -0.795 0.129 -0.351
Bolivia 137643 ruficollis S 15S 29.72 2.02 5.33 -0.36 -0.501 -1.2
Bolivia 137644 ruficollis S 15S 31.91 2.41 6.01 -0.556 -0.212 -0.225
Bolivia 137645 ruficollis S 15S 27.4 2.57 6.05 -0.714 -0.16 -0.439
Bolivia 137646 ruficollis S 15S 41.31 1.93 7.75 -0.321 0.408 -0.308
Bolivia 151290 ruficollis S 10N 33.96 2.39 6.67 -0.567 0.043 -0.105
Brazil 32296 ruficollis S 15S 53.41 2.15 14.42 -0.785 3.056 0.749
Brazil 34825 ruficollis S 15S 81.13 0.27 9.84 0.97 0.921 0.766
Brazil 63012 ruficollis S 25S 29.29 2.93 6.54 -0.885 0.053 0.463
Brazil 63014 ruficollis S 25S 24.94 2.58 4.57 -0.633 -0.744 -0.526
Brazil 63015 ruficollis S 25S 26.83 2.7 6.04 -0.782 -0.152 -0.239
Brazil 63016 ruficollis S 25S 31.58 3.34 8.95 -1.24 1.044 1.275
Brazil 63017 ruficollis S 25S 22.82 2.96 5.15 -0.894 -0.472 -0.072
Brazil 65229 ruficollis S 25S 86.24 -0.22 5.41 1.673 -0.935 0.922
Brazil 65230 ruficollis S 25S 83.41 -0.32 7.29 1.502 -0.165 0.146
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Brazil 67556 ruficollis S 5S 29.11 2.48 6.57 -0.688 0.035 -0.485
Brazil 67557 ruficollis S 5S 28.73 2.94 7.15 -0.953 0.304 0.341
Brazil 67558 ruficollis S 0 28.37 2.55 5.53 -0.641 -0.377 -0.299
Brazil 67559 ruficollis S 0 86.81 -1.86 17.53 1.361 3.857 -3.885
Brazil 68057 ruficollis S 25S 81.5 -0.25 4.71 1.662 -1.194 0.385
Brazil 71801 ruficollis S 5S 32.12 2.54 5.38 -0.556 -0.459 0.145
Brazil 71802 ruficollis S 5S 26.26 3.23 6.65 -1.085 0.135 0.704
Colombia 38807 ruficollis S 5N 20.89 2.48 4.18 -0.628 -0.887 -1.164
Colombia 38808 ruficollis S 0 38.47 2.58 8.06 -0.693 0.594 0.648
Colombia 46143 ruficollis S 0 32.51 3.19 8.09 -1.08 0.68 1.185
Colombia 46144 ruficollis S 5N 54.81 2.23 13 -0.671 2.479 1.257
Colombia 46145 ruficollis S 5N 39.3 1.66 5.97 -0.079 -0.32 -0.878
Costa Rica 30669 ruficollis C 10N 27.62 3.04 5.19 -0.847 -0.477 0.658
Costa Rica 30670 decolor C 10N 24.88 3.19 6.65 -1.092 0.14 0.457
Costa Rica 32555 ruficollis C 10N 25.85 3.61 5.93 -1.201 -0.129 1.524
Costa Rica 35013 ruficollis C 10N 30.14 3.07 7.22 -0.992 0.333 0.766
Costa Rica 53106 serripennis C 10N 88.41 -0.26 4.56 1.805 -1.293 1.205
Costa Rica 53107 serripennis C 10N 65.44 1.16 7.23 0.512 0.012 1.049
Costa Rica 53109 ruficollis C 10N 47.62 1.63 4.8 0.188 -0.842 0.196
Costa Rica 53113 serripennis C 10N 60.68 1.53 9.77 0.035 1.091 0.924
Costa Rica 53118 serripennis C 10N 76.28 -0.03 1.04 1.789 -2.636 0.673
Ecuador 77677 ruficollis S 0 20.35 2.67 4.76 -0.774 -0.636 -0.911
Guatemala 66239 serripennis C 15N 89.73 -0.76 9.32 1.637 0.592 -0.258
Guatemala 66241 serripennis C 15N 64.32 1.02 8.84 0.413 0.66 0.428
Honduras 29788 serripennis C 15N 78.68 0.61 7.63 0.966 0.063 1.447
Idaho 14703 serripennis N 45N 86.2 -0.48 8.32 1.534 0.226 0.021
Louisiana 1601 serripennis N 30N 78.56 -0.34 12.68 0.95 2.043 -1.145
Louisiana 2990 serripennis N 30N 83.87 -0.28 10.02 1.253 0.941 -0.058
Louisiana 8111 serripennis N 30N 81.7 -0.55 7.62 1.546 -0.037 -0.57
Louisiana 8732 serripennis N 30N 84.01 0.06 7.6 1.314 -0.016 0.958
Louisiana 8899 serripennis N 30N 76.43 -0.21 11.49 0.957 1.582 -0.984
Louisiana 9313 serripennis N 30N 75.32 1 8.85 0.622 0.602 1.694
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Louisiana 70775 serripennis N 30N 85.45 -0.27 7.54 1.494 -0.071 0.46
Louisiana 76127 serripennis N 30N 78.72 0.56 8.28 0.932 0.322 1.268
Louisiana 121703 serripennis N 30N 85.02 0.27 2.1 1.72 -2.234 2.195
Louisiana 152625 serripennis N 30N 86.47 -0.58 10.47 1.396 1.088 -0.42
Louisiana 152626 serripennis N 30N 85.86 0.01 4.5 1.642 -1.285 1.462
Louisiana 152627 serripennis N 30N 85.59 -0.16 3.92 1.765 -1.53 1.154
Louisiana 152629 serripennis N 30N 85.1 0.19 1.79 1.785 -2.366 2.079
Louisiana 152630 serripennis N 30N 89.15 -0.48 4.67 1.908 -1.268 0.828
Mexico 7455 serripennis N 20N 83.59 -0.49 10.9 1.265 1.284 -0.632
Mexico 11704 serripennis N 20N 80.28 0.15 9.54 1.035 0.796 0.456
Mexico 11707 serripennis N 20N 87.69 -0.53 7.78 1.631 -0.004 0.163
Mexico 13481 serripennis N 15N 84.11 -0.56 10.07 1.379 0.941 -0.61
Mexico 14584 serripennis N 20N 77.35 -0.11 12.82 0.812 2.122 -0.835
Mexico 24602 serripennis N 15N 86.49 -0.77 9.84 1.537 0.82 -0.729
Mexico 24603 serripennis N 15N 83.21 -0.44 9.16 1.388 0.585 -0.357
Mexico 24604 serripennis N 15N 68.53 2.31 13.5 -0.501 2.611 2.991
Mexico 24605 serripennis N 15N 81.55 -0.19 9.54 1.212 0.765 -0.09
Mexico 24606 serripennis N 15N 83.17 -0.71 15.07 0.991 2.96 -1.654
Mexico 24608 serripennis N 15N 87.78 -0.88 9.29 1.659 0.583 -0.732
Mexico 24610 serripennis N 15N 84.06 -0.31 9.03 1.356 0.537 0.026
Mexico 33254 serripennis N 15N 56.36 2.48 11.41 -0.616 1.844 2.153
Mississippi 8118 serripennis N 30N 82.51 -0.67 8.05 1.577 0.124 -0.773
Mississippi 8125 serripennis N 30N 85.48 -0.61 11.94 1.263 1.687 -0.783
Panama 607001 ruficollis C 10N 52.15 1.48 6.6 0.181 -0.148 0.203
Panama 608214 decolor C 10N 36.68 1.96 4.3 -0.116 -0.961 -0.366
Panama 608216 ruficollis C 10N 28.84 2.25 4.37 -0.396 -0.87 -0.713
Panama 608217 ruficollis C 10N 28.61 2.54 5.41 -0.622 -0.427 -0.276
Panama DLD5090 decolor C 10N 51.14 0.34 8.11 0.545 0.391 -2.443
Panama DLD5091 decolor C 10N 25.42 2.65 5.84 -0.767 -0.228 -0.484
Peru 28519 ruficollis S 10S 45.53 0.46 4.52 0.703 -1.023 -2.416
Peru 28520 ruficollis S 10S 32.24 3.31 8.53 -1.177 0.868 1.344
Peru 28522 ruficollis S 10S 32.14 2.15 6.26 -0.456 -0.129 -0.762
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Peru 28523 ruficollis S 10S 32.33 2.07 4.8 -0.289 -0.727 -0.721
Peru 31414 ruficollis S 10S 37.61 2.17 4.93 -0.249 -0.697 0.096
Peru 34351 ruficollis S 10S 23.03 3.04 6.11 -1.011 -0.079 -0.003
Peru 52313 ruficollis S 10S 29.26 2.6 6.59 -0.741 0.051 -0.223
Peru 52314 ruficollis S 10S 33.87 2.16 4.03 -0.234 -1.041 -0.257
Peru 52315 ruficollis S 10S 35.26 1.93 5.18 -0.205 -0.599 -0.707
Peru 52316 ruficollis S 10S 26.42 2.74 5.17 -0.731 -0.499 -0.097
Peru 62414 ruficollis S 10S 29.14 2.74 6.9 -0.833 0.186 0.011
Peru 64423 ruficollis S 10S 35.66 1.11 6.62 0.046 -0.074 -2.52
Peru 64424 ruficollis S 10S 42.69 2.33 9.78 -0.654 1.25 0.422
Peru 69506 ruficollis S 10S 24.36 2.61 5.05 -0.699 -0.545 -0.593
Peru 72685 ruficollis S 10S 29.69 2.84 5.3 -0.728 -0.457 0.481
Peru 72686 ruficollis S 10S 24.8 2.89 5.67 -0.872 -0.277 -0.045
Peru 78887 ruficollis S 10S 26.9 2.68 7.32 -0.884 0.365 -0.431
Peru 78888 ruficollis S 10S 23.39 3.04 4.89 -0.897 -0.575 0.193
Peru 78889 ruficollis S 10S 26.58 2.57 5.82 -0.708 -0.248 -0.508
Peru 85255 ruficollis S 5S 40.92 1.66 5.2 0.018 -0.641 -0.589
Peru 85256 ruficollis S 5S 32.6 2.79 7.43 -0.84 0.385 0.458
Peru 88542 ruficollis S 5S 28.45 2.84 7 -0.9 0.238 0.121
Peru 99220 ruficollis S 5S 48.88 1.8 9 -0.234 0.863 0.17
Peru 110813 ruficollis S 5S 21.58 2.48 4.3 -0.625 -0.842 -1.097
Peru 116087 ruficollis S 5S 25.66 3.36 7.15 -1.199 0.349 0.836
Peru 116088 ruficollis S 5S 28.38 2.69 6.89 -0.824 0.183 -0.181
Peru 116089 ruficollis S 5S 25.73 2.75 6.27 -0.845 -0.049 -0.296
Peru 120245 ruficollis S 5S 57.27 0.62 3.38 0.945 -1.539 -0.549
Peru 120246 ruficollis S 5S 21.24 2.28 4.28 -0.54 -0.862 -1.545
Peru 120247 ruficollis S 5S 26.16 2.61 3.9 -0.566 -1.02 -0.236
Peru 120248 ruficollis S 5S 31.16 2.8 7.23 -0.853 0.313 0.333
Peru 120249 ruficollis S 5S 24.25 2.45 4.78 -0.605 -0.665 -0.901
Peru 120250 ruficollis S 5S 25.61 2.66 4.06 -0.612 -0.949 -0.219
Peru 120251 ruficollis S 5S 25.93 2.65 5.58 -0.735 -0.336 -0.391
Peru 120252 ruficollis S 5S 33.08 2.32 6.55 -0.541 -0.006 -0.338
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Peru 120254 ruficollis S 5S 23.69 3.32 4.51 -0.985 -0.711 0.85
Peru 120255 ruficollis S 5S 38.27 1.84 6.25 -0.204 -0.189 -0.667
Peru 121702 ruficollis S 5S 82.81 0.24 6.88 1.274 -0.289 1.274
Peru 130375 ruficollis S 10S 29.16 3.09 6.78 -0.981 0.162 0.745
Peru 156784 ruficollis S 10S 23.94 2.74 5.41 -0.797 -0.388 -0.422
Peru 156785 ruficollis S 10S 26.18 2.97 6.42 -0.949 0.024 0.19
Peru DFL111 ruficollis S 5S 23.99 2.33 3.88 -0.477 -1.036 -1.065
Texas 130651 serripennis N 30N 91.49 -0.74 5.99 1.952 -0.764 0.409
Yucatan 46141 ridgwayi Y 20N 26.52 2.79 5.98 -0.823 -0.168 -0.084
Yucatan 148896 ridgwayi Y 20N 30.75 3.24 8.05 -1.131 0.677 1.083
Yucatan 148897 ridgwayi Y 20N 23.06 3.4 6.24 -1.184 -0.002 0.723
Yucatan 166319 ridgwayi Y 20N 28.59 3.42 7.73 -1.223 0.572 1.235
Yucatan JJK037 ridgwayi Y 20N 26.91 2.2 3.61 -0.342 -1.17 -0.951




Sample ID Locus1 Locus2 Locus3 Locus4 Locus5
Northern Clade
B2272 (Kansas) 1819 0101 0000 0909 0406
B23101 (California) 1617 0404 0404 0406 0404
B24571( California) 1616 0000 0303 0404 0000
B2508  (Kansas) 0607 0407 0309 0409 0405
B26400 (Panama) 1415 0000 0308 0808 0404
B27252 (Costa Rica) 1919 0000 0303 0607 0000
B27253 (Costa Rica) 1414 0605 0103 0506 0404
B27254 (Costa Rica) 1414 1111 0308 0506 0410
B27255 (Costa Rica) 1420 0610 0306 0405 0000
B27256 (Costa Rica) 1920 0000 0303 0406 0000
B27286( Costa Rica) 1415 0000 0303 0303 0000
B27288 (Costa Rica) 1414 0202 0303 0505 0000
B27289 (Costa Rica) 2021 0506 0303 0611 0404
B27290 (Costa Rica) 1515 0606 0308 0405 0404
B27291 (Costa Rica) 1415 0506 0308 0406 0404
B27308 (Costa Rica) 2121 0506 0306 0411 0404
B27309 (Costa Rica) 2121 0404 0308 0405 0404
B27313 (Costa Rica) 0121 1314 0303 0406 0405
B30839 (Texas) 2021 0404 0303 0709 0407
Southern Clade
B102016 (Ecuador) 1313 1111 0204 0808 0404
B10630 (Peru) 0405 0505 0103 0105 0406
B10855 (Peru) 0707 0303 0103 0505 0306
B10859 (Peru ) 1111 0202 0310 0809 0404
B10862 (Peru) 1111 0909 0303 0508 0404
B1118  (Bolivia) 0000 0303 0103 0707 0406
B1130 (Bolivia) 1111 0909 0310 0508 0406
B12813 (Bolivia) 2020 0000 0409 0505 0404
B12979 (Bolivia) 0909 0909 0204 1113 0408
B12984 (Bolivia) 0311 0303 0204 0612 0409
B15186 (Bolivia) 0913 0710 0310 0109 0405
B1970 (Panama) 1717 0707 0101 0307 0404
B2010 (Panama) 2020 1112 0103 0508 0404
B2011 (Panama) 0000 0707 0103 0708 0404
B2012 (Panama) 1616 0000 0103 0909 0304
B2014 (Panama) 1517 0407 0303 0808 0405
B26399 (Panama) 1415 0712 0303 0810 0404
B27259 (California) 1617 1111 0103 0808 0404
B27285 (Costa Rica) 1616 0000 0103 0909 0000
B27347 (Peru) 0208 0202 0103 0203 0202
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Sample ID Locus1 Locus2 Locus3 Locus4 Locus5
B27351 (Peru ) 1011 0707 0303 0510 0407
B29945( Ecuador) 1616 0411 0103 0708 0406
B32911 (Peru ) 2224 0505 0307 0506 0405
B32912 (Peru) 1515 0711 0303 0809 0405
B336 (Panama) 1617 1212 0103 0510 0405
B35429 (Brazil) 1213 0707 0303 0608 0411
B37975 (Bolivia ) 1010 0404 0000 0707 0000
B4984 (Peru) 2526 0209 0303 1011 0405
B5017 (Peru) 1717 0404 0307 0910 0406
B5018 (Peru) 2123 0909 0303 1012 0404
B7290 (Peru) 0913 1011 0303 0810 0104
B7291 (Peru) 1326 0510 0307 0510 0405
B9689 (Bolivia) 0809 0808 0103 0813 0000
Yucatan
B27213 (Yucatan) 2022 0101 0303 0808 0404




The following are sequences for microsatellite loci and their flanking regions. Primers are
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Appendix J
Individuals and Stains Used in Allozyme Analysis
Locus alleles
Adenosine Deaminase No Variation
Aldolase No Variation
Arginine Kinase No Variation





Glucose-6-Phosphate Isomerase No Variation
Glutamate-oxaloacetate Transaminase No Variation
Hexokinase No Variation
Isocitrate Dehydrogenase No Variation
Leucine Amino-peptidase No Variation
L-Lactate Dehydrogenase No Variation
Malate Dehydrogenase No Variation





Sorbitol Dehydrogenase No Variation
Superoxide Dismutase Failed Stain
Individuals examined and country of origin
B27252  COSTA RICA B27308  COSTA RICA
B27253  COSTA RICA B27309  COSTA RICA
B27254  COSTA RICA B27313  COSTA RICA
B27255  COSTA RICA B27213  Yucatan
B27256  COSTA RICA B27214  Yucatan
B27259  COSTA RICA B23101  California
B27285  COSTA RICA B24571  California
B27286  COSTA RICA B27351  Peru
B27288  COSTA RICA B27347  Peru
B27289  COSTA RICA B12016  Ecuador
B27290  COSTA RICA B26399  Panama
B27291  COSTA RICA B26400  Panama
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Appendix  K
Cytochrome-b Sequences for Outgroup and Ingroup Taxa Used in Genetic Analyses
G.gallus  ATGGCACCCA ACATTCGAAA ATCCCACCCC CTACTAAAAA TAATTAACAA CTCCCTAATC GACCTCCCAG CC?CCATCCA   [80]
A.fucata  ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
T.bicolor ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
P.bicolor ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
H.rustica ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27213    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27253    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27254    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27255    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27256    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27259    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27285    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27286    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27288    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27289    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27290    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27291    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27308    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27309    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27313    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B26399    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B26400    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
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B2010     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? [80]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B102016   ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10630    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B32911    ?????????? ?????????? ?????????? ?????????? ??????ACTA CTCCCTAATA GACCTCCCAG NC?CCANTCT
B32912    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B37975    ?????????? ?????????? ?????????? ?????????G TGA?GTACTA TTCCCAAATA GACCTCCCAG NC?CCATCCN
B35429    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
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G.gallus  ACATCTCTGC TTGATGAAAT TTCGGCTCCC TATTAGCAGT CTGCCTCATG ACCCAAATCC TCACCGGCCT ACTACTAGCC   [160]
A.fucata  ?????????? ?????????? ???GGCTCCC TGCTAGGCCT ATGCCTTGTC ACACAAATTG TCACAGGCCT ATTCCTAGCC
T.bicolor ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
P.bicolor ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
H.rustica ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     ?????????? ?????????? ?????????? ?????????? ?????????? ?????TATCA CAACGGGGCT ATTCCTAGCC
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    ?????????? ?????????? ?????????? ?????????? ?????????? ?CACTAATCA CAACAGGCCT ATTCCTAGCC
B27213    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27253    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????C AGGCNGGCCT ATTCCTAGCC
B27254    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ???CAGGCCT ATTCCTAGCC
B27255    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ???CAGGCCT ATTCCTAGCC
B27256    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????GGCCT ATTCCTAGCC
B27259    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????GGCCT ATTCCTAGCC
B27285    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27286    ?????????? ?????????? ?????????? ????GGACTA TGCCTAATCA CACAAATCAC AGNCAGGCCT ATTCCTAGCC
B27288    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27289    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27290    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27291    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ????AGGCCT ATTCCTAGCC
B27308    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ????AGGCCT ATTCCTAGCC
B27309    ?????????? ?????????? ?????????? ?????????? ?????????? ?CACAAATCA CAACAGGCCT ATTCCTAGCC
B27313    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????GGCCT ATTCCTAGCC
B26399    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?AACAGGCCT ATTCCTAGCC
B26400    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
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B2010     ?????????? ?????????? ?????????? ?????????? ?????????? ????????TA CAACAGGCCT ATTCCTAGCC   [160]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    ?????????? ?????????? ?????????? ?????????? ?????????? ?????AATCA CAACAGGCCT ATTCCTAGCC
B102016   ?????????? ?????????? ?????????? ?????????? ?????????? ????????CA CAACAGGCCT ATTCCTAGCC
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     ?????????? ?????????? ?????????? ?????????? ?????????? ?CACAAACCA CAACAGGCCT ATTCCTAGCC
B10630    ?????????? ?????????? ?????????? ?????????? ?????????C ACACAAACCA CAACGGGCCT ATTCCTAGCC
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    ?????????? ?????????? ?????????? ?????????? ?????????? ?CACAAATCA CAACAGGCCT ATTCCTAGCC
B32911    TNATCTCTGT GTGATGAACT TTCGGCTCCC TATAGGTAGC CTGCTTCATG ACCCAAATCC ACACTGACCT ATTCTTAGCC
B32912    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????T ATTCTTAGCC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????GGCCT ATTCCTAGCC
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????C CAACGGGCCT ATTCCTAGCC
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B37975    NCATCTCTGT GTGATGAACT TTCGGCTCCC NNTAGGTAGC CTGCTTCATG ACCCAAATCC ACGTGGNGTT ATTTTTCGAC
B35429    ?????????? ?????????? ?????????? ?????????? ?????????? ?CACAAATCA CAACAGGCCT ATTCCTAGCC
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G.gallus  ATGCACTACA CAGCAGACAC ATCCCTAGCC TTCTCCTCCG TAGCCCACAC TTGCCGGAAC GTACAATACG GCTGACTCAT   [240]
A.fucata  ATACACTACA CAGCAGACAC CTCCCTAGCC TTCGCCTCAG TCGCCCATAT CTGCCGAGAC GTCCAATTTG GCTGACTTAT
T.bicolor ?????????? ?????????? ?????????? ??????TCTG TTTCCCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
P.bicolor ?????????? ?????????? ?????????? ??????TCCG TAGCCCATAC CTGCCGAAAC GTCCAATTTG GCTGACTCAT
H.rustica ?????????? ?????????? ?????????? ??????TCTG TAGCCCATAT ATGCCGAGAC GTACAGTTTG GCTGACTTAT
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     ATACACTACA CAGCAGACAC TTTGCTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    ATACACTATA CAGCAGACAC CTTACTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27213    ?????????? ?????????? ????????CC TTCGCCTNCG TCGCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27253    ATACACTATA CAGCAGACAC TTTTTTAGCC TTCGCCTCCG TCTCCCACAT TTGGCGAGAC GTCCAATTTG GCTGACTCAT
B27254    ATACACTATA CAGCAGACAC CTTTTTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27255    ATACACTATA CAGCAGACAC CTCACTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27256    ATACACTATA CAGCAGACAC CACACTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27259    ATACACTACA CAGCAGACAC CTTTCTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B27285    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27286    ATACACTATA CAGCAGACAC CTTNNTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGNGAC GTCCAATTTG GCTGACTCAT
B27288    ?????????? ?????????? ???????GCC ATCCCCTCCC TCTCCCACAT NTGCCGAGAC NTCCAATTTG GCTGACTCAT
B27289    ?????????? ?????????? ????????CC TTCGCCTCCG TCTCCCACAT TTGCCGGGNC GTCCAATTTG GCTGACTCAT
B27290    ?????????? ?????????? ??????AGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27291    GTACACTATA CAGCAGACAC CTTTTTTNCC TTCGCCTCCG TCTCCCACAT TTGCCGNGNC GTNCAATTTG GCTGACTCAT
B27308    ATACACTATA CAGCAGACAC CTCTTTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27309    ATACACTATA CAGCAGACAC CTCTTTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B27313    ATACACTATA CAGCAGACAC CTCTCTAGCC TTCGCCTCCG TCTCCCACAT TTGCCGAGAC GTCCAATTTG GCTGACTCAT
B26399    ATACACTACA CAGCAGACAC CTTTTTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B26400    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     ?????????? ?????????? ?????????? ?????????? ?????????? ????????GG GGCCAATTTG GCTGACTCAT
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B2010     ATACACTACA CAGCAGACAC CTCACTATCC TTTGCCTCCG TCTCTCACAT CTGCCGAGGT GTCCAATTTG GCTGACTCAT   [240]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    ATACACTACA CAGCAGACAC CTCACTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B102016   ATACACTACA CAGCAGACAC CTTTCTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     ATACACTACA CAGCAGACAC CTTTTTTGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAG GTCCAATTTG GCTGACTCAT
B10630    ATACACTACA CAGCANACAC CTCACTAGCC TTTGCCTCTG TCTCTCACAT NTGCCGAGAT GTCCAATTTG GCTGACTCAT
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    ATACACTACA CAGCAGACAC CTTTTTTGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B32911    ATACACTACA CAGNAGACAN TTTTNTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B32912    ATACACTACA CAGCAGACAC CTCACTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     NTACACTACA CAACAAACAC CTTACTNTCC TTNGCCTCTG NCTCTCACAN CTGCNGGGGG GTCCNNTNAG GCTGACTCAT
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    ATACACTACA CAGCAGACAC CTTTTTATCC TTTGCCTCCG TCTCTCACAT CTGCCGAGGG GTCCAATTTG GCTGACTCAT
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    ?????????? ?????????? ????????CC TTTGCCTCCG TCTCTCACAT CTGCCGAGGG GTCCAATTTG GCTGACTCAT
B37975    ATACACTACA CAGNAGACAC CTNNCTAGCC TTTGCCTCCG TCTCTCACAT CTGNNGAGAT GTCCAATTTG GCTGACTCAT
B35429    ATACACTACA CAGCAGACAC CTCACTAGCC TTTGCCTCCG TCTCTCACAT CTGCCGAGAT GTCCAATTTG GCTGACTCAT
110
Appendix K continued
G.gallus  CCGGAATCTC CACGCAAACG GCGCCTCATT CTTCTTCATC TGTATCTTCC TTCACATCGG ACGAGGCCTA TACTACGGCT   [320]
A.fucata  CCGAAACCTC CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTATGGAT
T.bicolor CCGAAACCTC CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGAATT TACTACGGAT
P.bicolor TCGAAACCTC CACGCAAACG GAGCTTCTTT CTTCTTCATC TGCATTTACT TCCATATTGG CCGAGGAATC TACTACGGCT
H.rustica CCGAAACCTC CATGCAAACG GAGCCTCCTT CTTCTTCATC TGTATCTACC TACACATCGG ACGAGGATTC TACTATGGAT
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     CCGAAACCTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATTTACT TCCACATCGG ACGAGGGTTC TACTACGGAT
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATCGG ACGAGGAATC TACTACGGGT
B27213    CCGAAACCTA CACGCAAACG GAGCCTCCTT CTTCTTCATT TGCATTTACT TTCATATCGG ACGAGGATTC TACTACGGGT
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27253    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCACATTGG ACGAGGAATC TACTACGGGT
B27254    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27255    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27256    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27259    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B27285    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27286    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27288    CCAAAACCTA CATGCAAACG GA???????? ?????????? ?????????? ?????????? ?????????? ??????????
B27289    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27290    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27291    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGN
B27308    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27309    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B27313    CCGAAACCTA CATGCAAACG GAGCCTCTTT CTTCTTCATT TGCATTTACT TCCATATTGG ACGAGGAATC TACTACGGGT
B26399    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B26400    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
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B2010     CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT   [320]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B102016   CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B10630    CCGAAACTTA CNCGCAAACG GAGCCTCCTT CTTCTTCATN TGCATCNACT TTCACATCGG ACGAGGATTC TACTACGGAT
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B32911    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B32912    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     CCNAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATNC TACTACGGAT
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B37975    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
B35429    CCGAAACTTA CACGCAAACG GAGCCTCCTT CTTCTTCATC TGCATCTACT TCCACATCGG ACGAGGATTC TACTACGGAT
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G.gallus  CCTACCTCTA CAAGGAAACC TGAAACACAG GAGTAATCCT CCTCCTCACA CTCATAGCCA CCGCCTTTGT GGGCTATGTT   [400]
A.fucata  CTTACCTAAA CAAAGAAACC TGAAATATCG GAGTAGTCCT ATTACTAGCT CTCATAGCCA CAGCCTTCGT AGGTTACGTA
T.bicolor CCTACTTAAA CAAAGAAACC TGAAACATCG GAGTAATCCT CCTATTAACC CTCATAGCAA CAGCCTTTGT AGGTTACGTC
P.bicolor CATACCTGAA CAAAGAAACC TGAAATATCG GAGTCATCCT ACTCCTAACC CTCATAGCAA CCGCTTTCGT GGGATACGTC
H.rustica CCTACCTAAA CAAAGAAACT TGAAACGTCG GAGTAGTACT GCTACTAGCA CTAATAGCCA CGGCCTTCGT GGGTTACGTC
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     CTTACCTAAA CAAAGAAACC TGAAACATCG GAGTAGTACT TTTACTAGCA CTCATAGCAA CAGCCTTCGT AGGCTACGTC
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27213    CTTACCTAAA CAAAGAAACC TGAAACATCG GAGTAGTACT CTTACTAGCA CTGATAGCAA CAGCCTTCGT AGGTTATGTC
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27253    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27254    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27255    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27256    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27259    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGTTACGTC
B27285    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27286    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27288    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27289    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27290    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27291    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGNC
B27308    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27309    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B27313    CTTACCTAAA CAAAGAAACT TGAAACATCG GAGTAGTACT CTTGCTAGCA CTCATAGCAA CAGCCTTTGT AGGTTACGTC
B26399    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGTTACGTC
B26400    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTATCA CTTATAGCAA CAGCCTTCGT AGGTTACGTC
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B2010     CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGTTACGTC   [400]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGTTACGTC
B102016   CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGTTACGTC
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGTC
B10630    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTANCA CTTATAGCAA CAGNCTTCGN AGGCTACGTN
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT CTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGTC
B32911    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGNC
B32912    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGTC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     CTTACCTAAA CAAGGAAACC TGAAACATCG GAGNGGNACT TTNACTANCA CTTATAGCAA CAGGCTTCGN AGGCTACGTC
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGTC
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGNC
B37975    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGTC
B35429    CTTACCTAAA CAAGGAAACC TGAAACATCG GAGTGGTACT TTTACTAGCA CTTATAGCAA CAGCCTTCGT AGGCTACGTC
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G.gallus  CTCCCATGGG GCCAAATATC ATTCTGAGGG GCCACCGTTA TCACAAACCT ATTCTCAGCA ATTCCCTACA TTGGACACAC   [480]
A.fucata  CTACCCTGAG GACAAATATC ATTCTGAGGC GCTACAGTAA TCACAAACCT ATTCTCAGCA ATCCCATACA TCGGCCAAAC
T.bicolor CTACCCTGAG GACAAATATC ATTCTGAGGC GCTACAGTAA TTACAAACCT ATTCTCAGCA ATCCCATATA TCGGCCAAAC
P.bicolor CTACCATGAG GACAAATATC ATTCTGAGGT GCTACAGTAA TCACAAACCT ATTCTCAGCA ATCCCATACA TTGGCCAAAC
H.rustica CTGCCCTGAG GACAAATATC ATTCTGAGGG GCTACAGTAA TCACGAACCT ATTCTCAGCA ATTCCGTACA TCGGCCAAAC
B23101    ?????????? ?????????? ?????????? ??CACCGTTA CCAGAAACCT CTTCTCAGCA ATCCCTTACA TCGGCCAAAC
B24571    ?????????? ?????????? ?????????? ??CACCGTTA CCAGAAACCT ATTCTCAGCA ATCCCTTACA TCGGCCAAAC
B2272     CTACCCTGAG GACAAATATC ATTCTGAGGC GCTACAGTAA TTACAAACCT CTTCTCAGCA ATCCCTTACA TCGGCCAAAC
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27213    CTGCCCTGAG GACAAATATC ATTCTGAGGC GCTACAGTAA TTACAAACCT ATTCTCAGCA ATCCCCTACA TCGGCCAAAC
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    ?????????? ?????????? ?????????? ?????????? ?????ACCCT CTTCTCNGCG ATCCCTTACA TCGGCCAAAC
B27253    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCT ATCCCTTACA TCGGCCAAAC
B27254    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACGAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27255    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACGAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27256    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27259    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B27285    ?????????? ??????TATC ANTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGNCAAAC
B27286    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27288    ?????????? ?????????? ?????????? ?????????? ?????????T CTTCTCATCG ATCCCTTACA TCGGCCAAAC
B27289    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27290    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACGAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27291    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27308    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27309    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACGAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B27313    CTACCCTGAG GACAGATATC ATTCTGAGGC GCTACAGTAA TTACAAATCT CTTCTCAGCG ATCCCTTACA TCGGCCAAAC
B26399    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B26400    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TTGGCCAAAC
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B2010     CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC   [480]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B102016   CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B10630    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAN TTACAAACCT ATTNTNGGCN ATCCCGTACA TCGGCCAAAC
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B32911    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGNAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B32912    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TCACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     CNACCCTGNG GACTAATATC ATTCTGAGGA GCCACAGNAA TTACAAACCT ATTNTNGGCA ATCCCGTACA TCGGCCAAAC
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA NTCCCGTACA TCGGCCAAAC
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    CTACCCTGAG GACAAATATC ATTCTGAGGG GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B37975    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
B35429    CTACCCTGAG GACAAATATC ATTCTGAGGA GCCACAGTAA TTACAAACCT ATTCTCGGCA ATCCCGTACA TCGGCCAAAC
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G.gallus  CCTAGTAGAG TGAGCCTGAG GGGGATTTTC AGTCGACAAC CCAACCCTTA CCCGATTCTT CGCTTTACAC TTCCTCCTCC   [560]
A.fucata  ACTAGTAGAA TGAGCATGAG GTGGATTTTC AGTAGACAAT CCCACCCTTA CCCGATTCTT CGCCCTACAC TTCCTACTAC
T.bicolor ACTTGTAGAA TGAGCATGAG GCGGATTCTC AGTAGACAAT CCGACTCTTA CCCGATTCTT CGCTCTACAC TTCCTACTGC
P.bicolor CCTGGTCGAA TGAGCTTGAG GAGGCTTTTC AGTAGACAAC CCTACCCTAA CCCGATTCTT TGCCCTCCAC TTCCTCCTAC
H.rustica ACTTGTAGAA TGAGCATGAG GAGGGTTCTC AGTAGACAAC CCTACCCTAA CCCGATTCTT CGCCCTACAC TTCCTCCTCC
B23101    AATTGTAGAA TGAGCATGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT CGCCCTGCAC TTCCTCCTGC
B24571    AATCGTAGAA TGAGCATGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT CGCCCTGCAC TTCCTCCTGC
B2272     AATTGTAGAA TGAGCATGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT CGCCCTGCAC TTCCTCCTGC
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACTCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27213    AATTGTAGAA TGAGCATGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGGTTCTT CGCCCTGCAC TTCCTCCTAC
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGANNAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27253    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27254    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27255    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27256    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27259    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B27285    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGANNAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B27286    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27288    AATNGTAGAA TGNGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTGCNN TTCCTCCTAC
B27289    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27290    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27291    AATTGTAGAA TGAGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTGCAC TTCCTCCTAC
B27308    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27309    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B27313    AATTGTAGAA TGGGCTTGAG GCGGATTCTC AGTAGACAAC CCAACCCTCA CTCGATTCTT TGCCCTACAC TTCCTCCTAC
B26399    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B26400    ?????????? ?????????? ?????????? ?????????? ????CCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B336      ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1970     AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAAACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
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B2010     AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC  [560]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B102016   AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B10630    AATCGTAGAA TGAGCNTGAG GTGGATTCTC ANTATACAAN CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B32911    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B32912    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     AATCGTAGAA TGAGCNTGAG GTGGATTCTT AGTAAACAAC CCAACCCTCA CCNGATNCTT TGCCCTGCAC TTNCTCCTAC
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    AATCGTAGAA TGAGCATGAG GTGGATTCTT AGTANACAAC CCAACCCTCA CCCGATTTCT TTGCCCTGCA CTTNCTCTAC
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    AATCGTANAA TGAGCATGAG GTGGATTCTC AGTATACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B37975    AATCGTAGAA TGAACATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
B35429    AATCGTAGAA TGAGCATGAG GTGGATTCTC AGTAGACAAC CCAACCCTCA CCCGATTCTT TGCCCTGCAC TTCCTCCTAC
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G.gallus  CCTTTGCAAT CGCAGGTATT ACTATCATCC ACCTCACCTT CCTACACGAA TCAGGCTCAA ACAACCCCCT AGGCATCTCA   [640]
A.fucata  CATTCGTAAT CGCAGGACTT ACCCTAGTAC ACCTAACCTT ATTGCACGAA ACAGGATCAA ACAACCCCCT AGGAATCCCC
T.bicolor CCTTCGTTAT CGCAGGCCTC ACCATCGTCC ACCTAACTCT CCTACATGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
P.bicolor CCTTCATCAT CGCAGGACTC ACACTAGTCC ATCTCACCTT CCTCCACGAA ACAGGATCCA ACAACCCCCT AGGAATTCCA
H.rustica CATTCGTCAT CGCAGGACTG ACCCTAGTAC ACTTAACCCT ACTCCACGAA ACAGGATCAA ACAACCCACT AGGAATCCCC
B23101    CCTTCGTCAT CGCAGGACTC ACCATTGTCC ACCTAACTCT ACTACACGAA ACAGGATCAA ACAACCCTCT AGGCATCCCC
B24571    CCTTCGTCAT CGCAGGACTC ACCATTGTCC ACCTAACTCT ACTACACGAA ACAGGATCAA ACAACCCTCT AGGCATCCCC
B2272     CCTTCGTCAT CGCAGGACTC ACCATTGTCC ACCTAACTCT ACTACACGAA ACAGGATCAA ACAACCCTCT AGGCATCCCC
B18993    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B30839    CCTTTGTCAT CGCAGGACTC ACCGTCGTCC ACCTAACCCT ACTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27213    CTTTCGTTAT CGCAGGACTC ACTATCGTCC ACCTAACCCT ACTACACGAA ACAGGATCAA ACAACCCCCT AGGCATNCCC
B27214    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27253    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27254    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27255    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27256    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27259    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27285    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27286    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27288    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT NCTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27289    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27290    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27291    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27308    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27309    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B27313    CCTTTGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTGCACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B26399    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B26400    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B336      ?????????? ?????????? ?????????? ??????CCCT GTTACANGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B1970     CCTTCGTCAT CGCAAGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
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B2010     CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC   [640]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B102016   CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B10630    CCTTCNNCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ?????????? ?????????? ??????????
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ???????CCT AGGCATCCCC
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B32911    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B32912    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ???????CCT AGGCATCCCC
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????CTCAA ACAACCCTCT AGGCATCCCC
B9689     CCTTCGGCAT CGTAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA NCAGGATCAA ACAACCCCCT AGGCNTCCCN
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    CCTTCGTCAT NGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATTCCC
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B37975    CCTTCGTCAT CGCAGGACTC ACCATCGTCC ACCTAACCCT ACTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
B35429    CCTTCGTCAT CGCAGGTCTC ACCATCGTCC ACCTAACCCT GCTACACGAA ACAGGATCAA ACAACCCCCT AGGCATCCCC
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G.gallus  TCCGACTCTG ACAAAATTCC ATTTCACCCA TACTACTCCT TCAAAGACAT TCTGGGCTTA ACTCTCATAC TCACCCCATT   [720]
A.fucata  TCAGACTGCG ACAAAATCCC ATTCCACCCC TACTACACCA CAAAAGACAT TTTAGGCTTC GCACTCCTAC TCATCCTACT
T.bicolor TCAGACTGCG ACAAAATCCC GTTCCACCCA TATTACTCAC AAAAAGACAT CCTAGGATTC GCACTACTAC TCATTCTATT
P.bicolor TCAGACTGTG ACAAAATCCC ATTCCACC?C TACTACTCCA CAAAAGACAT CCTAGGCTTC GCCCTAATAC TTATCCTCCT
H.rustica TCAGACTGCG ATAAAATCCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC ATCATACTAC TCATCATACT
B23101    TCAGACTGTG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTGCTAC TCATCGTACT
B24571    TCAGACTGTG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTGCTAC TCATCGTACT
B2272     TCAGACTGTG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TCATCGTACT
B18993    ?????????G ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TCATCGTACT
B30839    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTACTAC TTATCGTACT
B27213    TCAGACTGTG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTACTAC TAGTCGTAAT
B27214    ?????????? ?????????? ?????????? ?????????? ?AAAAGATAT CCTAGGATTC CCCCTACTAC TAGTCGTATT
B27252    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TCATCGTACT
B27253    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27254    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TCATCGTACT
B27255    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TCATCGTACT
B27256    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGNACT
B27259    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B27285    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTGCTAC TCATCGTATT
B27286    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTACTAC TTATCGTACT
B27288    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27289    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27290    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27291    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27308    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27309    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCGTACT
B27313    TCAGACTGCG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGTTTC GCCCTGCTAC TTATCG?ACT
B26399    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B26400    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGATAT CCTAGGATTC GCCCTACTAC TTATCGTACT
B336      TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B1970     TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CTTAGGATTC GCCCTACTAC TCATCGTATT
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B2010     TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT   [720]
B2011     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B102016   TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTACT
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7291     TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATTGTATT
B10630    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10855    TCAGACTGTG ACAAAATTCC ATTTCACCCA TACTACTCCA CAAAAGACAT TCTGGCATTC GCCCTACTAC TCATTGTATT
B10859    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ????????TT
B10862    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    ?????????? ?????????? ?????????? ?????????? ?????GACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B27351    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B32911    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B32912    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B1118     TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B1130     TCAGACTGTG ACAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTGGGATTC GCCCTACTAC TCATCGTACT
B9689     T????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12813    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B12979    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B12984    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B15186    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B37975    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
B35429    TCAGACTGTG ATAAAATTCC ATTCCACCCA TACTACTCCA CAAAAGACAT CCTAGGATTC GCCCTACTAC TCATCGTATT
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G.gallus  CCTAACACTA GCCCTATTCT CCCCCAACCT CCTAGGAGAC CCAGAAAACT TCACCCCAGC AAACCCACTA GTAACCCCCC   [800]
A.fucata  AGTTTCCCTC GCCCTATTCT CCCCAAACCT ACTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCAC
T.bicolor AGCCACCTTA GCCCTATTCT CCCCAAATCT GCTAGGAGAC CCAGAAAACT TCACTCCAGC CAATCCCCTA GCCACCCCTC
P.bicolor CACCTCCCTA GCCCTATTCT CCCCTAACTC CCTAGGAGAC CCAGAAAACT TCACCCCAGC AAACCCCCTA TCCACCCCTC
H.rustica AGCTTCCCTA GCACTATTCT CCCCAAACCT CTTAGGTGAC CCGGAAAACT TCACACCAGC CAACCCCCTG GCCACTCCAC
B23101    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B24571    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B2272     AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B18993    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B30839    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27213    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCTCTA GCCACCCCTC
B27214    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCTCTA GCCACCCCTC
B27252    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27253    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27254    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27255    AGCCTCTCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27256    GGCCTCTCTT GCCCTATTTT CACCAAACCT CTGGGGAGAC CCAGAAAACT T?ACACCAGC CAACCCCCTA GCCACCCCTC
B27259    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCCACCCCTC
B27285    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCCACCCCTC
B27286    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27288    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27289    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27290    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27291    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27308    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27309    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B27313    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B26399    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCCACCCCTC
B26400    GGCCTCTCTT GCCCTATTCT CACCAAACCT CCTGGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B336      AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B1970     AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
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B2010     AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC   [800]
B2011     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B2012     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCTACTCCTC
B2014     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B29945    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B102016   AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GNTACTCCTC
B4984     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B5017     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B5018     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B7290     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B7291     AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B10630    ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B10855    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B10859    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCCACTCCTC
B10862    ?????CCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCACAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B27347    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B27351    AGCCTCCCTT GCCCTATTCT CACCAAATCT TCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B32911    AGCCTCCCTT GCCCTATTCT CACCAAATCT TCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTT
B32912    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B1118     AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B1130     AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B9689     ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B12813    ?????????? GCCCTATTCT CACCAAATCT CCTAGGAGAC CCACAAAACT TCACACCAGC CAACCCCCTA GCCACCCCTC
B12979    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B12984    ?????????? ??????TTCT CACCAAACCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GGTACTCCTC
B15186    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B37975    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
B35429    AGCCTCCCTT GCCCTATTCT CACCAAATCT CCTAGGAGAC CCAGAAAACT TTACACCAGC CAACCCCCTA GCTACTCCTC
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G.gallus  CACATATCAA ACCAGAATGA TATTTTCTAT TCGCCTATGC CATCCTACGC TCCATCCCCA ACAAACTTGG AGGTGTACTA   [880]
A.fucata  CACATATCAA ACCCGAATGA TATTTCCTAT TTGCCTACGC CATCCTACGA TCCATCCCAA ACAAATTAGG AGGAGTCCTC
T.bicolor CACACATCAA ACCCGAATGA TACTTCCTAT TTGCTTACGC AATTCTACGT TCCATCCCAA ACAAACTAGG AGGAGTACTC
P.bicolor CACACATCAA ACCCGAATGA TACTTCCTAT TCGCCTACGC TATCCTACGC TCTATCCCAA ACAAACTAGG AGGAGTCCTA
H.rustica CGCACATCAA ACCCGAATGA TACTTCCTAT TCGCCTACGC CATCCTCCGA TCCATCCCAA ACAAACTAGG AGGAGTACTA
B23101    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAA??
B24571    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAA??
B2272     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCNTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAATC
B18993    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAATC
B30839    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCGTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27213    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATCCCTA ACAAATTAGG AGGAGTAATC
B27214    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATCCCTA ACAAATTAGG AGGAGTAATC
B27252    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAATC
B27253    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27254    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAATC
B27255    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAATC
B27256    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27259    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATCCCCA ACAAACTAGG AGGAGTAATC
B27285    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B27286    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27288    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27289    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27290    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27291    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27308    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27309    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B27313    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B26399    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATTCCCA ACAAACTAGG AGGAGTAATC
B26400    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B336      CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B1970     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
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B2010     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC  [880]
B2011     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B2012     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B2014     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B29945    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B102016   CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTNTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATG
B4984     CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B5017     CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B5018     CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B7290     CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCTATCCCTA ACAAACTAGG AGGAGTAATC
B7291     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B10630    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B10855    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B10859    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B10862    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B27347    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B27351    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B32911    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B32912    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B1118     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAA??
B1130     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAA??
B9689     CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B12813    CACACATCAA ACCCGAATGA TACTTCCTAT TTGCCTACGC CATTCTCCGA TCCATCCCTA ACAAACTAGG AGGTGTAATC
B12979    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B12984    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B15186    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
B37975    CACAC????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B35429    CACACATCAA ACCTGAATGA TACTTCCTAT TTGCCTACGC CATTCTACGA TCCATCCCTA ACAAATTAGG AGGTGTAATC
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G.gallus  GCCCTAGCAG CCTCAGTCCT CATCCTCTTC CTAATCCCCT TCCTCCACAA ATCTAAACAA CGAACAATAA CCTTCCGACC   [960]
A.fucata  GCCCTAGCTG CCTCCGTCCT AGTACTATTT CTAATACCAC TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
T.bicolor GCCCTAGCTG CCTCCGTCCT AGTACTATTC CTAATACCAC TACTCCACAC CTCCAAGCTA CGATCAATAA CATTCCGTCC
P.bicolor GCCCTAGCCG CCTCCGTCCT AGTTCTATTC CTTCTGCCCC TCCTCCACAC ATCCAAACAA CGTTCAATAA CCTTCCGCCC
H.rustica GCCCTAGCTG CCTCCGTCCT AGTACTATTC CTAATACCTC TACTCCACAC CTCCAAACTG CGATCAATAA CATTCCGACC
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     GCCTTAGCCG CTTCCGTCCT AGTCCTATTT TTAATGCCCC TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B18993    GCCTTAGCCG CTTCCGTCCT AGTCCTATTT TTAATGCCCC TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B30839    GCCCTAGCCG CTTCCGTCCT AGTCCTATTC TTAATGCCAT TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B27213    GCCTTAGCCG CTTCTGTCCT AGTCCTATTT CTAATACCCT TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B27214    GCCTTAGCCG CTTCTGTCCT AGTCCTATTT CTAATACCCT TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B27252    GCCCTAGCCG CTTCTGTCCT AGTCCTATTC TTAATGCCCT TACTCCACAC ATCCAAGCTG CGATCAATAA CATTCCGCCC
B27253    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27254    GCCTTAGCCG CTTCCGTCCT AGTCCTATTT TTAATGCCCC TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B27255    GCCTTAGCCG CTTCCGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAACTA CGATCAATAA CATTCCGCCC
B27256    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27259    GCCTTAGCCG CTTCCGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B27285    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B27286    GCCCTAGCCG CTTCTGTCCT AGTCCTATTC TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27288    GCCCTAGCCG CTTCTGTCCT AGTCCTATTC TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27289    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27290    GCCCTAGCCG CTTCCGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27291    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27308    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27309    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B27313    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B26399    GCCTTAGCCG CTTCCGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAACAG CGATCAATAA CATTCCGCCC
B26400    GCCCTAGCCG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC CTCCAAGCTG CGATCAATAA CATTCCGCCC
B336      GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B1970     GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
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B2010     GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC   [960]
B2011     GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B2012     GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B2014     GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B29945    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B102016   GCCCTAGNTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAANTA CGATCAATAA CATTCCGNCC
B4984     GCCCTAGCCG CTTCTGTCCT AGTCCTGTTC TTAATGCCCT TACTCCACAC ATCCAAGCTG CGATCAATAA CATTCCGCCC
B5017     GCCCTAGCCG CTTCTGTCCT AGTCCTGTTC TTAATGCCCT TACTCCACAC ATCCAAGCTG CGATCAATAA CATTCCGCCC
B5018     GCCCTAGCCG CTTCTGTCCT AGTCCTGTTC TTAATGCCCT TACTCCACAC ATCCAAGCTG CGATCAATAA CATTCCGCCC
B7290     GCCCTAGCCG CTTCTGTCCT AGTCCTGTTC TTAATGCCCT TACTCCACAC ATCCAAGCTG CGATCAATAA CATTCCGCCC
B7291     GCCCTAGCTG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B10630    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B10855    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGAT?????? ??????????
B10859    GCCCTAGCTG CTTCTGTCCT AGTCCTAATT TTAATGCCCT TACTCCNCAC ATCCAAGTTA CGATCAATAA CATTNCGACC
B10862    GCCCTAGCTG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B27347    GCCCTAGCTG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B27351    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B32911    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B32912    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     GNCCTAGNTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B12813    GCCCTAGCCG CTTCTGTCCT AGTCCTATTC TTAATGCCCT TACTCCACAC ATCCAAGCTA CGATCAATAA CATTCCGCCC
B12979    GCCCTAGCTG CTTCTGTCCT AGTCCTATTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B12984    GCCCNAGCNG CTTCTGTCCT AGTCCTGTTT TTAATGCCCA TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGNCC
B15186    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
B37975    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B35429    GCCCTAGCTG CTTCTGTCCT AGTCCTGTTT TTAATGCCCT TACTCCACAC ATCCAAACTA CGATCAATAA CATTCCGACC
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G.gallus  ACTCTCCCAA ACCCTATTCT GACTTCTAGT AGCCAACCTT CTTATCCTAA CCTGAATCGG AAGCCAACCA GTAGAACACC   [1040]
A.fucata  ACTATCACAA ATTCTATTCT GAGCCCTAGT TGCCAACCTC CTAGTCCTAA CCTGAGTAGG AAGCCAACCA GTAGAACACC
T.bicolor ACTATCACAA ATCCTGTTCT GGACCCTGGT AGCCAACCTC CTTGTCCTAA CCTGAGTAGG AAGCCAACCG GTCGAACAAC
P.bicolor ACTGTCCCAA ATCCTATTCT GAACCCTAGT AGCCAACCTC CTCATCCTAA CCTGAGTAGG AAGCCAACCA GTCGAACATC
H.rustica ACTATCACAA ATCCTATTCT GGACCCTAGT CGCTAACTTA CTTGTCCTAA CCTGAGTAGG AAGCCAACCA GTAGAACACC
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     ATTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B18993    ATTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B30839    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27213    ACTATCACAA ATCCTATTTT GAATACTAGT CGCTAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27214    ACTATCACAA ATCCTATTCT GAATACTAGT CGCTAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27252    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27253    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27254    ATTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27255    ATTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27256    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27259    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B27285    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27286    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27288    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27289    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27290    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27291    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27308    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27309    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27313    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAATCTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B26399    ATTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B26400    ACTATCNCAA ATCCTATTTT GAATGCTAGT CGCCAATNTA CTGATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B336      ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B1970     ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
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B2010     ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC  [1040]
B2011     ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B2012     ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B2014     ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B29945    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B102016   ACTATCNCAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B4984     ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTACTCCTAA ?????????? ?????????? ??????????
B5017     ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTACTCCTAA ?????????? ?????????? ??????????
B5018     ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAATCTA CTACTCCTAA ?????????? ?????????? ??????????
B7290     ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B7291     ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B10630    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B10862    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B27347    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B27351    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B32911    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B32912    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B12813    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTACTCCTAA CATGAGTAGG AAGCCAACCA GTTGAACACC
B12979    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B12984    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B15186    ACTATCACAA ATCCTATTTT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
B37975    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B35429    ACTATCACAA ATCCTATTCT GAATGCTAGT CGCCAACCTA CTAATCCTAA CATGAGTGGG AAGCCAACCA GTTGAACACC
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G.gallus  CCTTCATCAT CATTGGCCAA ATAGCATCCC TCTCTTACTT CACCATCCTA CTTATCCTCT TC???????? ??????????   [1120]
A.fucata  CCTTCATCAT CATCGGTCAA CTAGCCTCAC TCTCCTACTT TACTATCATC CTAATCCTCT TCCCCCTTGT ATCCATCCTA
T.bicolor CATTCATCAT CATCGGCCAA CTAGCCTCAC TCTCCTACTT CACTATCATC CTCGTCCTCT TT???????? ??????????
P.bicolor CATTTATCAT CACTGGCCAA CTGGCCTCCC TGTCTTACTT CACCATCATT CTAGTCCTAT TC???????? ??????????
H.rustica CCTTCATCAT CATTGGACAA CTAGCCTCGC TGTCCTACTT CACCATCATC CAGGACCTAT TT???????? ??????????
B23101    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B24571    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2272     CCTTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACCATTATC CTCATAATCT TCCCCCTNGT ATCCATCCTA
B18993    CCTTCATCAT CATTGGCCAA CTGGCTGCAA TCTCCTACTT CACCATTATC CTCATCCTCT TC???????? ??????????
B30839    CCTTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATAATAT TCCCCCTCGT ATCCATCCTA
B27213    CCTTCATCAT CATTGGTCAA CGGGCCTCAA TCTCCTACTT CACTATCATC CTCATCCTCT TCCCTCTAGT ATCCATCCTA
B27214    CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27252    CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27253    CCTTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTCGT ATCCATCCTA
B27254    CCTTCATCAT CATTGGCCAA CNGGCCTCTA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTTGT ATCCATCCTA
B27255    CCTTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTTGT ATCCATCCTA
B27256    CCTTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTTGT ATCCATCCTA
B27259    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
B27285    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCAACT TCCCACTTGT ATCTATCCTA
B27286    CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27288    CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27289    CCTTCATCAT CATTGGCCAA CNGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCAAN TCCCCCTNGN ATCCATCCTA
B27290    CATTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTTGT ATCCATCCTA
B27291    CCTTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCAAT TCCCCCTCGN ATCCATCNTA
B27308    CCTTCATCAT CATTGGCCAA CGGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTTGT ATCCATCCTA
B27309    CATTCATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTCGT ATCCATCCTA
B27313    CCTTCATCAT CATTGGCCAA CGGGCCTCAA TCTCCTACTT CACTATTATC CTCATCCTAT TCCCCCTCGT ATCCATCCTA
B26399    CCTTCATCAT CATTGGCCAA CTGGCTGCAA TCTCCTACTT CACTATCATC CTATACCTCT TCCCACTTGT ATCTATCCTA
B26400    CATTCATCAT CATTGGCCAA CNGNCCTCAA TCTCCTACTT CACTATTATC CTAAANCTAT TCCCCCTNGT ATCCATCCTA
B336      CCTTTATCAT CATTGGCCAA CNGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT ATCTATCCTA
B1970     CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT ATCTATCCTA
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B2010     CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTAACCTCT TCCCACTTGT GTCTATCCTA   [1120]
B2011     CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2012     CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B2014     CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B29945    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTAAAATCT TCCCACTTGT ATCTATCCTA
B102016   CCTTTATCAT CATTGGCCAA CNGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
B4984     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5017     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B5018     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B7290     CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CNTANAAAAA TCCCACTTGT GTCTATCGTA
B7291     CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
B10630    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CNTATCCTAT TCCCACTTGT GTCTATCCTA
B10855    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B10859    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCAAC CTTATCCTCT TCCCACGTGT GTNTATCGTA
B10862    CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27347    CCTT?????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B27351    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTAACCTCT TCCCACTTGT GTCTATCCTA
B32911    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACNTGT GTNTATCCTA
B32912    CCTTTATCAT CATCGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCT?
B1118     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B1130     ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B9689     CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
B12813    CCTTTATCAT CATTGGCCAA CNGNCCTCAA TCTCCTACTT CACTATCATC CTTATNNTAT TCCCACTTGT GTCTATCGTA
B12979    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
B12984    CCTTTATCAT CATTGNCCAA CCNNCCTCAA TCTCCTACTT CGCTATCATC CTTAAAAATT CCTCTTG??? ??????????
B15186    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
B37975    ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ?????????? ??????????
B35429    CCTTTATCAT CATTGGCCAA CTGGCCTCAA TCTCCTACTT CACTATCATC CTTATCCTCT TCCCACTTGT GTCTATCCTA
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G.gallus  ?????????? ?????????? ?????????? ?   [1151]
A.fucata  GAAAACAAGA TACTCAAACT TTAACCGACT C
T.bicolor ?????????? ?????????? ?????????? ?
P.bicolor ?????????? ?????????? ?????????? ?
H.rustica ?????????? ?????????? ?????????? ?
B23101    ?????????? ?????????? ?????????? ?
B24571    ?????????? ?????????? ?????????? ?
B2272     GAG??????? ?????????? ?????????? ?
B18993    ?????????? ?????????? ?????????? ?
B30839    GAGAACAAAA TTCTCAAACT CTNCCCANCT C
B27213    GAG??????? ?????????? ?????????? ?
B27214    ?????????? ?????????? ?????????? ?
B27252    ?????????? ?????????? ?????????? ?
B27253    GAGAACAAAA ?????????? ?????????? ?
B27254    GAGAACAAAA TTCTCAAA?? ?????????? ?
B27255    GAGAACAAAA TTCTCAAACT ?????????? ?
B27256    GAGAACAAAA TTCTC????? ?????????? ?
B27259    GAGAACAAGA TA???????? ?????????? ?
B27285    GAGAACAAGA NACNCAAACT ?????????? ?
B27286    ?????????? ?????????? ?????????? ?
B27288    ?????????? ?????????? ?????????? ?
B27289    GAGAACAAAA TTCNCAAAC? ?????????? ?
B27290    GAGAACAAAA TTCNCAAACT C????????? ?
B27291    GAGAACAAAA ?????????? ?????????? ?
B27308    GAGAACAAAA TTCTCAAACT CTA??????? ?
B27309    GAGAACAAAA TTCTCAAACT CTA??????? ?
B27313    GAGAACAAAA TTCNCAAACT CTAGCC???? ?
B26399    GAGAACAAGA TACTCAAACT CGGG?????? ?
B26400    GAGAACAAAA ?????????? ?????????? ?
B336      GAGAACAAGA TACTCAAACT CTAAC????? ?
B1970     GAGAACAAGA NACNCAAACT CT???????? ?
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B2010     GAGAACAAG? ?????????? ?????????? ? [1151]
B2011     ?????????? ?????????? ?????????? ?
B2012     ?????????? ?????????? ?????????? ?
B2014     ?????????? ?????????? ?????????? ?
B29945    GAGAACAAGA TACTCAAACT CTAACGANCT C
B102016   GAGAACAAGA TACTCAAACT C????????? ?
B4984     ?????????? ?????????? ?????????? ?
B5017     ?????????? ?????????? ?????????? ?
B5018     ?????????? ?????????? ?????????? ?
B7290     GAGAACAAGA ?????????? ?????????? ?
B7291     GAGAACAAGA AAC??????? ?????????? ?
B10630    GAGAACAAGA AACTCAAACT CT???????? ?
B10855    ?????????? ?????????? ?????????? ?
B10859    GAGNACAAGA ?????????? ?????????? ?
B10862    ?????????? ?????????? ?????????? ?
B27347    ?????????? ?????????? ?????????? ?
B27351    GAGAACAAGA AACNCAAACT GGGG?????? ?
B32911    GAGAACAAGA AAGTCGCNTN CTTCCANNCT C
B32912    ????CATAGA A??TCGCAG? CTT?CG?CCT C
B1118     ?????????? ?????????? ?????????? ?
B1130     ?????????? ?????????? ?????????? ?
B9689     GAGAACAAGA ?????????? ?????????? ?
B12813    GATCCA???? ?????????? ?????????? ?
B12979    GAGAACAAGA ?????????? ?????????? ?
B12984    ?????????? ?????????? ?????????? ?
B15186    GAGAACAAGA TACTCAAACT CT???????? ?
B37975    ?????????? ?????????? ?????????? ?
B35429    GAGAACAAGA TACTCAAACT CTAACGAACT C
134
Vita
Born in Oregon in 1971 and raised on military bases all over the United
States, Josie Babin developed an interest in natural history as a child.  Under guidance of
her mother, she learned to appreciate the local fauna by exploring the natural areas near
her many childhood homes. Her interest led her to join field trips while at Northern
Virginia Community College and George Mason University and general collecting
expeditions at Louisiana State University.
When not at work, Josie can usually be found riding a bike.  She has enjoyed
modest success in regional racing and has won a national championship in the discipline
of Pursuit.
Josie lives in Baton Rouge, Louisiana, with her cat Persephone and a collection of
bicycles.
